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310 IMU Cross Coupling change < 

359 Replacement of IMU Mounting 0102643 8102668 
Bolts 

505 Implementation of Flight K 
Processing Specification 
ND1002314 and New Diode 

302 Manufacture of Block II and L 
LEM Signal Conditioner 
Assemblies 

538 Replacement of CCRD Reticle ib 
Brightness Potentiometer 

558 Replacement of Mounting 0104120 L 
Hardware in LGC 
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358 Redesign of AGC Handling 0104096 8104172 M 
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506 Modification of AGC Handling M 
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512 AOT High Density Filter M 
Assembly 
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543 AOT Counter Moisture Proofing 8106058 M 
and Illumination 
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Vacuum Screen modification 


Addition of 4 lights on 
DSKY indicator panel 


Taping of AOT cable 


ECDU mounting bolt 
change in length 


Replace AGC Connector 
Assembly with a restart 
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Replace blower motor in 
IMU to increase reliability 


Replace ECDU modules con- 
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@ WARNING AND CAUTION PAGE 


The following warnings and cautions apply to the system for which this manual 
@ was written. These warnings and cautions must be observed to avoid personal injury 
and/or equipment damage. 


CHEMICAL HAZARDS 


@ Beryllium is a highly toxic metal. Proce “ses such as 
deburring, machining, or grinding of beryllium, if expressly 
authorized, as well as other procedures that produce air~ 
borne beryllium particles, should be performed with local 
exhaust ventilation which is connected with an acceptable 
exhaust-filtration system. The inhalation of airborne beryl- 
lium particles can cause serious respiratory disability. 
All injuries where the skin is damaged, including puncture 
wounds and skin rashes, should be reported immediately 
50 that proper treatment measures can be taken. Air in 
these areas should be monitored to insure that the amount 
of airborne beryllium remains below the established threshold 
limit value. 


CAUTION: Wear nylon gloves or finger cots while handli 
beryllium parts unless parts are to be immediately clear 
aiter bandling. Moisture and oils from the skin bave a 
higbly corrosive effect on beryllium. 
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WARNING AND CAUTION PAGE (Continued) 


When using equipment containing mercury (i.e. battery 
power pack; auxiliary battery pack; differential voltmeter, 
Fluke 803B), avoid spilling mercury. Mercury is a toxic 
metal and may contaminate equipment, clothing, and body. 
After use of such equipment, visually inspect area and equip- 
ment to verify absence of mercury. If mercury contamin- 
ation exists, see mercury use guide lines (page I-xxxivB). 


Do-not leave mercury in open containers. Keep in tightly 
closed unbreakable container when not in use, since mercury 
vapor is toxic. e 


CAUTION: Avoid spilling mercury from open mercury pool. 
Liquid or vaporous mercury can cause 6evere corrosion 
and/or cracking of unprotected aluminum and other non- 
ferrous metals. If mercury contamination of equipment 
exists, report to AC Electronics site manager and site 
quality control representative. 


Rev. R 


ND-1021042 


LEM PRIMARY GUIDANCE, NAVIGATION, AND CONTROL SYSTEM 


MANUAL 


Kev. R 


WARNING AND CAUTION PAGE (Continued) 


Wear goggles, rubber gloves, and rubber aprons when 
working with acid solutions. Do not spatter solution. 
If acid contacts skin or eyes, immediately flush affected 
area with mild boric acid solution or water and report 
to nearest medical facility. 


Do not spatter battery cell electrolyte. If electrolyte con- 
tacts skin or eyes, immediately wash affected area with 
mild boric acid solution or water and report to nearest 
medical facility. 


CAUTION: Always add acid _to water; do not pour water 
into acid, Equipment surface can be damaged from un- 
Controlled chemical reaction. However, distilled water, 
if required, may be slowly added to replenish the elec- 
trolyte of a battery. 


CAUTION: Keep battery cells upright, unless otherwise 
noted, to prevent loss of electrolyte. 
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WARNING AND CAUTION PAGE (Continued) 


CAUTION: Add only distilled water to nickelcadmium battery 
cells. Never add acid or use instruments that have been 
used to fill lead acid batteries. Acid will damage the plates 
of the nickel cadmium cells. 


CAUTION: Prevent acid from contacting painted surfaces. 
Immediately wipe off any acid on a painted surface, since 
prolonged contact will cause damage. 


ELECTRICAL HAZARDS 


I-xxxiv 


Use extreme care when reaching inside the G and N coolant 


and power console. Lethal voltages exist at power line 
filters and at the power and signal input panel. 


Always use moisture-proofing protection (covers, rubber 


seals, gaskets, and sealing compound) for PSA connectors 
and pins not secured to mating connectors. Otherwise, 
connector and pin corrosion may cause short circuits. 


CAUTION: Maintain 1MU heater power at all times, except 
during use of IMU shipping container, to prevent damage to 
1MU, 


CAUTION: Handle G and_N harnesses with care to avoid 
damage to connectors, conductor wires, and/or potting. 


CAUTION: Turn off equipment when any power Connections 
are being made to prevent pin damage due to arcing. 
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WARNING AND CAUTION PAGE (Continued) 


CAUTION: Exercise extreme care when removing and in~ 
stalling electrical connectors, Visually check all pins for 
straightness. Where applicable, use special gages and reticles 
fo check pin alignment during connector removal or in- 
stallation. Install or remove connectors with jack screws by 
turning each screw one turn at a time to maintain paral- 
lelism between plug and connector during entire operation. 
Otherwise, bent pins can cause short circuits and additional 
equipment damage. 


MECHANICAL HAZARDS 


Rev. R 


Do not extend any equipment cabinet drawer slides until 
drawers are to be installed, The extended slides can cause 
serious injury to personnel. 


Do not extend more than one cabinet drawer at a time. 
Extension of more than one drawer at a time can cause 
console to topple, endangering personnel and equipment, 


OPTICAL HAZARDS 


CAUTION: Always keep lens covers on optical equipment 
when it is not in use to protect optically ground and coated 
surfaces from damage. 
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WARNING AND CAUTION PAGE (Continued) 


MERCURY USE GUIDE LINES 


A. Mercury is volatile at room temperature, and mercury and mercury vapors are 
toxic. If mercury is accidentally spilled, avoid further contamination using the 
following methods: 

(1) Ventilate area with fans or other suitable means during clean-up. 
(2) Clean up major portion of spill. 


B. Avoid prolonged or repeated contact with skin. 


C. Wash hands thoroughly with soap and warm (not hot) water before eating or 
smoking. 
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Chapter 1 
SYSTEM TIE-IN 


1-1 SCOPE 


This chapter presents the lunar excursion module (LEM) mission. The chapter 
also describes the functional interface between the primary guidance, navigation, 
and control system (PGNCS) and the other spacecraft systems. 


1-2 LEM MISSION 


The purpose of the LEM mission is to transfer the LEM from a circular lunar 
orbit into a descent orbit, land two astronauts on the lunar surface, and return them 
to the orbiting command and service module (CSM). The LEM mission (figure 1-2), 
with respect to the PGNCS, is best described by dividing it into six phases: separation 
and transfer orbit insertion, descent coast, powered descent and landing, lunar stay, 
launch and powered ascent, and rendezvous and docking. 


1-2,1 SEPARATION AND TRANSFER ORBIT INSERTION. Approximately one hour 
before the LEM enters the descent orbit, two astronauts leave the CSM and enter 
the LEM through the top docking hatch. The crew then checks out the various LEM 
systems, establishes a voice link, and, after initial PGNCS turnon, establishes a time 
reference for the LEM guidance computer (LGC), and coarse aligns the inertial meas- 
uring unit (IMU) using CSM data. One astronaut then manually commands reaction 
control system (RCS) jet firing to separate the LEM from the CSM. The IMU is 
fine aligned, Near the end of the second lunar orbit, the LEM descent engine is fired 
by the PGNCS and the LEM begins its descent. The timing and duration of LEM descent 
engine firing is critical, to insure the proper elliptical Hohmann transfer orbit. 


12.2 DESCENT COAST. During the descent coast phase, the LEM is in free fall on 
an elliptical flight path. During free fall, the astronauts check out the landing radar 
(LR). At the perilune of the Hohmann transfer orbit, the LEM is at an altitude of 
approximately 50,000 feet and has a velocity vector essentially parallel to the lunar 
surface. During this phase, the PGNCS determines the flight parameters required 
for powered descent. The rendezvous radar (RR) tracks its transponder in the orbiting 
CSM and provides the LGC with updated information on the position of the CSM. 
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Figure 1-2. LEM Mission Phases 


1-2.3 POWERED DESCENT AND LANDING. In preparation for powered descent, 
an IMU fine alignment is performed. At the perilune of the descent orhit, the PGNCS 
issues a descent engine start discrete. The descent engine firing slows the LEM 
which hegins the actual descent to the lunar surface. During descent, the PGNCS con- 
trols the engine trim and thrust level, controls the LEM attitude, and provides visual 
displays of the guidance system status. During the final approach and landing, the 
PGNCS holds the LEM at a constant attitude, allowing the astronaut to view the landing 
site. The astronaut can select anew landing site hy inserting new landing site coordinates 
into the LGC. The LGC will automatically control the RCS and the descent engine to 
guide the LEM to the new landing site. Inertially derived flight parameters are up- 
dated in the LGC hy comparison with the altitude and velocity parameters determined 
from LR measurements. 
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1~2.4 LUNAR STAY. After LEM touchdown the astronauts check out all systems 
for damage and insure that the systems can perform the functions required for a 
successful ascent. All equipment not required for lunar stay is then turned off. The 
astronauts survey the surrounding lunar landscape, secure the hatches, and perform 
a final check on the portable life support system {PLSS). After the LEM is secured, 
one astronaut, wearing the PLSS, leaves the LEM to explore the lunar surface. The 
exploring astronaut inspects the LEM and sets up communication antennas. A television 
system sends pictures of the lunar scene to earth. The astronaut, always indirect 
voice contact with the LEM, explores the lunar surface, makes photographic records, 
and collects surface samples. After approximately three hours, the astronaut must 
return to replenish his PLSS. Additional surface explorations depend upon the planned 
stay time. Near the end of the lunar stay, the PGNCS is brought to an operate con- 
dition and the IMU is coarse and fine aligned. The IMU is fine aligned to a known 
reference coordinate system by making star sighting measurements with the alignment 
optical telescope (AOT). RR tracks its transponder in the orbiting CSM and sends data 
to the LGC which calculates applicable flight parameters in preparation for the launch 
and power ascent, 


1-2,5 LAUNCH AND POWERED ASCENT. After the astronauts prepare the LEM, the 
PGNCS determines time of launch and ascent trajectory based on a fixed rendezvous aim 
point. Mechanical and electrical separation of the two LEM stages takes place and the 
LGC issues the ascent engine start discrete at a time calculated to effect a successful 
rendezvous. 


During powered ascent, the LEM rises vertically and then is pitched to attain 
a Hohmann transfer orbit for the rendezvous, Because the ascent engine is a fixed- 
position, fixed-thrust engine, the LEM attitude during ascent is controlled by the LGC 
which issues commands to the RCS jets. The LGC determines necessary RCS commands 
by comparing calculated values with actual flight parameters obtained from the inertial 
subsystem (ISS), and determines required attitude changes to correct any differ- 
ences. When the injection of the LEM into the proper elliptical orbit is accomplished, 
the LGC issues the ascent engine off discrete and the LEM enters the coasting portion 
of the ascent phase. 


1-2,6 RENDEZVOUS AND DOCKING. LEM guidance during this phase is a combination 
of radar tracking data and inertialdata. Shaft and trunnion data from the RR and 
velocity and attitude information from the IMU are used by the LGC to control the RCS 
to maintain attitude and to provide a display of position and velocity information. 
During rendezvous, the LEM is maintained at an orientation such that the CSM is 
visible through the vehicle windows. 


Terminal rendezvous maneuvers begin when the LEM and CSM are approximately 
five nautical miles apart. The LGC computes the intercept time and with this data 
updates the thrust vector and velocity requirements. Three ascent engine burns during 
terminal rendezvous reduce the closing rate to near zero. The LGC utilizes the RCS 
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to maintain vehicle attitude during these burns. The final step is docking, which is 
{nitiated when the vehicles are approximately 500 yards apart. The astronaut uses 
the translation controller and attitude controller in a computer-aided manual operation 
to guide the LEM to hard docking with the CSM. The two astronauts then leave the 
LEM and transfer to the CSM through the vehicle's upper tunnel to prepare for 
the return to earth. The LEM is jettisoned following crew transfer to the CSM. 


1-3 LEM STRUCTURE 


The LEM (figure 1-3) has two stages mated to form one structure: the ascent 
stage and the descent stage. These stagesand the umbilical interconnecting cables can 
be separated at launch from the lunar surface or because of mission abort during 
descent. 


The approximate LEM external dimensions are sbown in figure 1-4. At earth 
launch, the weight of the LEM is approximately 30,000 pounds. 


1-3.1 ASCENT STAGE. The ascent stage, constructed mainly of aluminum ailoy, con- 
sists of the crew compartment, a midsection, aft equipment bay, tankage sections, 
associated hatches, and windows. 


From the crew compartment, the astronauts control all phases of the LEM mission. 
The crew also uses this compartment as their operations center during their lunar 
stay. 


The displays and controls associated with the PGNCS are located at the front of 
the crew compartment. The IMU, a portion of its electronics, and the AOT are located 
in an enclosure above the crew compartment. The remaining PGNCS components are 
mounted on coldplates to the rear wall of the ascent stage midsection. 


The midsection is cylindrical, smalier than the crew compartment, and directly 
behind it. The ascent engine and related components are in the midsection, the LEM's 
center of gravity. Also contained in the LEM's midsection are the ascent engine hatch, 
top hatcb, environmental control system (ECS), and equipment that requires crew ac~ 
cessibility. 


To transfer from the CSM to the LEM while in lunar orbit, the crew uses the upper 
docking tunnel at the top centerline of the ascent stage. The forward tunnel, at the 
lower front of the crew compartment, is used for entering and leaving the LEM while 
on the lunar surface. 


The aft equipment bay, at the rear of the vehicle, is separated from the mid- 


section by a pressure-tight bulkhead. This area houses the glycol loop for the ECS, 
inverters, batteries, and equipment for the electrical power system (EPS). 
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The propellant tankage sections are located on either side of the midsection 
outside the pressurized area. The tankage sections contain the ascent engine fuel 
and oxidizer tanks; RCS fuel, oxidizer, and helium tanks; and ECS water tanks. The 
ratio by weight of oxidizer to fuel is 1.6 to 1; therefore, to maintain the lateral center 
of gravity on the vehicle X axis, the ascent engine propellant tanks are offset to one 
side. 


Two triangular windows in the front face of the crew compartment provide visi- 
bility. Each window has approximately 1.6 square feet of viewing area and are canted 
down and to the side to increase visibility. Each window consists of two panes. 


1-3.2 DESCENT STAGE. The descent stage, constructed mainly of aluminum alloy, 
has equipment necessary to land on the lunar surface. It is also a platform for the 
launching of the ascent stage after completion of the lunar exploration. The descent 
engine is the center of the stage surrounded by its four main propellant tanks. In 
addition to the descent engine and its related components, the descent stage houses the 
descent control instrumentation; scientific equipment; EPS batteries; and tanks for 
water used by the ECS. Landing gear and the LR antenna are attached to the descent 
stage. 


1-4 LEM SYSTEMS 


Functionally, there are seven LEM systems. Four of these systems control 
the LEM flight. The PGNCS or the stabilization and control system (SCS) receives 
inputs from the crew and electrical inputs from the inertial sensors to generate 
commands that result in rotation and translation maneuvers. The RCS or propulsion 
system provides external forces and mechanical couples to maneuver the LEM under 
the control of the PGNCS or the SCS. The crew obtains information from the LGC 
(part of the PGNCS), by communications (Manned Space Flight Network), or displays 
that indicate the necessity to initiate one or more of the basic LEM motions. The 
three remaining LEM systems are indirectly related to LEM control. They provide 
the power (EPS), environmental control (ECS), and the communications [[communi- 
cations and instrumentation system (CIS)]. 


1-4.1 PRIMARY GUIDANCE, NAVIGATION, AND CONTROL SYSTEM. The PGNCS 
provides the measuring and data processing capabilities and control functions nec- 
essary to accomplish the LEM mission. The PGNCS utilizes inertial components for 
guidance, an optical device and radar for navigation, and a digital computer for data 
processing and issuance of flight control signals. 


The inertial guidance portion of the PGNCS, the IMU, employs accelerometers 
Mounted on a gyroscopically stabilized gimbal-mounted platform. The IMU senses 
acceleration and attitude changes instantaneously and provides signals to a digital com~ 
puter, the LGC, for the generation of attitude control and thrust commands. 


For navigation, the PGNCS utilizes the AOT to take star sightings and obtain 
measurements. These sightings are used by the LGC to establish proper alignment 
of the stable platform. The LGC contains a catalog of celestial bodies and is programmed 
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to calculate alignment commands using the information obtained from the optioal sight- 
ings. During descent, altitude and velocity information from the LR is used to update 
inertially derived data. During the coasting deseent, lunar stay, and rendezvous phases 
of the mission, the RR tracks its transponder in the orbiting CSM to provide range, 
range rate, and antenna angle measurements to the LGC. In addition to functioning as 
a data processing unit, the LGC, through its flight programs, performs the function of 
a digital autopilot in controlling the LEM. 


1-4.2 STABILIZATION AND CONTROL SYSTEM. The SCS consists’ of two major 
sections: the control electronics section (CES) and the abort guidance section (AGS). 
The CES processes flight control signals during all mission phases. The AGS pro- 
vides the CES automatic steering commands, derived from explicit guidance equa~ 
tions, in the event of mission abort due to a PGNCS malfunction. 


The CES consists of an attitude and translationcontrol assembly (ATCA), a descent 
engine control assembly (DECA), rate gyro assembly (RGA), two translation con- 
troller assemblies (TCA), and two attitude controller assemblies (ACA). The CES 
processes and routes signals to fire any combination of the 16 thrusters in the RCS to 
control LEM attitude and translation. The attitude and translational control inputs 
originate from any of three sources: the PGNCS during normal automatic operation, 
the ACA and TCA during manual operations, or the AGS during an abort. 


The CES converts the applicable input commands into pulsed or constant level 
signals and routes them to the RCS to fire the appropriate thrusters. Rate signals 
from the CES are displayed on the flight director attitude indicator (FDAI). 


The CES also processes "ON-OFF" commands for the ascent and descent engines, 
and routes automatic and manual throttle commands to the descent engine. Trim 
control of the descent engine insures that the thrust vector operates through the 
vehicle center of gravity. 


The AGS provides abort capability from any point in powered descent or powered 
ascent and increases crew safety by acting asa backup system to the PGNCS. This back- 
up guidance provides vehicle attitude, angular velocity, and translational acceleration 
indications. The AGS has three main assemblies: abort sensor assembly (ASA), abort 
electronics assembly, and data entry and display assembly. 


The ASA utilizes a strap-down technique employing three single-degree-of-freedom 
integrating rate gyros and three accelerometers. It is mounted to the PGNCS navigation 
base on the same mounting pads as the AOT. The outputs of the abort sensor assembly 
go to the abort electronics assembly, 4 4,096 word capacity general purpose computer. 
Computations are performed using the inputs from the abort sensor assembly. When the 
AGS is in control of the LEM, the results are displayed and control signals are issued 
to the vehicle's reaction control and propulsion systems. 


The abort sensor assembly measures the accelerometer triad rotation from, and 
resolves the acceleration into, a fixed reference frame. This reference frame is 
provided by an initial alignment of the AGS with the PGNCS. Initial alignment is 
required for attitude, velocity, time, and position. Velocity and position vectors are 
manually entered into the computer by a data entry device available to the astronaut. 
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Attitude alignment is accomplished by transferring PGNCS IMU gimbal angles to the 
computer. The abort electronics assembly receives this data from the coupling data 
unit (CDU) in the same manner and at the same time as the LGC (i.e. incremental 
angles accumulated from a zero reference after "CDU ZERO"). 


1-4.3 PROPULSION SYSTEM. The LEM utilizes separate, complete, and independent 
descent and ascent propulsion systems, which consist basically of a liquid propellant 
rocket engine and its propellant storage, pressurization, and feed components. 


The descent propulsion system is in the LEM descent stage and utilizes a throttle- 
controlled, gimbaled engine. The engine injects the LEM into the descent transfer orbit 
and is used during powered descent and landing to control the rate of descent. The 
descent engine, developing 10,500 pounds maximum thrust in a vacuum at full tbrottle 
and 1,050 pounds minimum thrust, can be gimbaled 6 degrees in any direction. The 
PGNCS issues the "ON-OFF" commands for the descent engine and also provides sig- 
nals controlling thrust magnitude and gimbal trim position, 


Tbe propellant used in both propulsion systems is a 50-50 fuel mixture of hydrazine 
and unsymmetrical dimethylhydrazine using nitrogen tetroxide as the oxidizer and he- 
lium as the tank pressurant. 


The ascent propulsion system utilizes a fixed, constant-thrust engine installed 
along the centerline of the ascent stage midsection and includes the associated pro- 
peilant feed tanks and pressurization components. The engine develops 3,500 pounds 
thrust in a vacuum, sufficient to launch the ascent stage from the lunar surface and place 
it in orbit. The PGNCS issues the "ON-OFF" commands for the ascent engine. 


1-4.4 REACTION CONTROL SYSTEM. The RCS provides rocket tbrust impulses that 
stabilize the LEM during descent and ascent and control the LEM attitude and trans- 
lation about or along all axes. The RCShas 16 thrust chambers supplied by two separate 
and independent propellant feed and pressurization sections. The thrust chambers 
are mounted in clusters of four on outriggers equally spaced around the LEM ascent 
stage. In each cluster, two thrust chambers are mounted on a vertical axis, facing 
in opposite directions; the other two are spaced 90 degrees apart, parallel to the 
LEM's Y and Z axes. The RCS utilizes the same fuel as the ascent engine. In the event 
of RCS fuel depletion, the remaining ascent fuel can be used for the RCS, The RCS 
can be operated in any of three modes: manual, automatic, or semi-automatic. The 
PGNCS supplies "ON-OFF" signals through the SCS to the valves on the desired thrust 
chambers during the automatic or semi-automatic mode. The automatic mode is 
normally used to provide attitude control during all mission phases except when manual 
control is required. It is possible to select manual control in one or two axes and retain 
automatic control in the other axis during all mission phases. The semiautomatic 
mode combines automatic attitude hold control with manual control. The LEM attitude 
is changeable about each axis using the astronaut’s attitude controller. Tbls mode is 
used primarily to control the LEM during the rendezvous and docking phase of the 
mission. In the manual mode, all control commands originate from the attitude con- 
troller, Including manual control of the thrust duration. 
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All automatle translational commands originate In the PGNCS and are routed to 
the RCS similar to the attitude control signals. 


1-4.5 ELECTRICAL POWER SYSTEM. The EPS provides 28 vde and 115 vac, 400 cps 
power to the PGNCS. This power originates from six batteries, four in the descent 
stage, and two in the ascent stage. The hatteries, the silver-zinc type, are rated at 
80 watts per hour per pound of weight. The 115 vac, 400 cps power is ohtained hy 
routing the 28 vde through an inverter. 


1-4.6 ENVIRONMENTAL CONTROL SYSTEM. The ECS sustains life in space hy 
providing hreathahle atmosphere, acceptable temperatures, food and water, and waste 
disposal. In addition, the ECS circulates an ethylene glycol-water coolant about the 
temperature sensitive eleotronic equipment in the PGNCS and other LEM systems to 
provide thermal stahility. The IMU has coolant circulated through its case while the 
power and servo assemhly (PSA),- pulse torque assembly (PTA), slgnal conditioner, 
LGC and CDU are mounted on coldplates through which the coolant is circulated to 
provide temperature control. 


1-4.7 COMMUNICATIONS AND INSTRUMENTATION SYSTEM. The CIS links the lunar 
astronauts, the orhlting CSM, and earth monitoring stations. 


The communications portion contains two radlo frequency (RF) sections, one oper- 
ating in the VHF range and the otherin the UHF range; a television sectlon; and a signal 
processing section. In addition to two-way voice oommunication, the RF section re- 
ceives and transmits tracking and range information, hiomedical information, and 
emergency code keying in the event of voice transmission failure. The television sec- 
tion is used hy the extravehicular astronaut to televise the lunar surface within an 
eighty foot radius of the grounded LEM. Inthe signal processing section, critical signals 
of the PGNCS are conditioned and supplied to pulse code modulated (PCM) telemetry 
equipment for transmission to earth. Telemetry data can he stored when direct com- 
munication with the earth is not possihle. 


The instrumentation portion provides the astronauts and ground facilities with LEM 
performance data during the mission hy sensing physical status data, monitoring the 
various systems, and performing inflight and lunar surface checkout. This system also 
contains the scientific instruments which are used by the astronauts during their lunar 
stay. 


1-5 PGNCS INTERFACE 


PGNCS operation during the LEM mission requires the interface of the PGNCS 
with the other LEM systems, the displays and controls on the crew display and con- 
trol panels, the RR, the LR, and the astronauts. The functional interface of the 
PGNCS is shown In figure 1-5. 
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1-5.1 SYSTEMS. Four LEM systems (SCS, ECS, CIS, and EPS) have direct interface 
with the PGNCS and two systems (propulsion system and RCS) have indirect inter- 
faoe with the PGNCS. The indirect interface of the propulsion system and the RCS 
occurs through the SCS. These two systems may thus be controlled by the PGNCS or 
by the backup control provided by the AGS of the SCS. Descriptions and sources 
of the SCS interface signals are provided in table 1-I. Descriptions of the interfaces 
with the other systems are provided in paragraph 1-4. 


1-5.2 DISPLAYS AND CONTROLS. Several displays and controls located on the crew 
control panels, LGC display and keyboard (DSKY) panel, and the SCS control panel 
interface with the PGNCS. Two sets of hand controllers are provided for manual 
control of the LEM and interface with the PGNCS. Descriptions of the displays and 
controls are in table 1-II. 


1-5.3 LANDING RADAR. Tbe landing radar (LR) provides data to the LGC from which 
LEM velocity (in antenna coordinates) and LEM altitude may be determined. The 
data is also available for visual display, independent of the PGNCS, except that the 
velocity is in spacecraft coordinates. 


Tbe landing radar which operates in the X-band, Consists of an antenna assembly, 
a solid-state electronics assembly, and a control panel. Velocity data is acquired 
from a three beam continuous wave Doppler radar. Altitude data is provided by a 
one beam FM continuous wave radar altimeter. The antenna assembly accommodates 
the requirements of both the Doppler and the altimeter beams. 


Landing radar and PGNCS interface include digital data transfer, scaling, velocity 
and range sensing, status, and antenna positioning. Descriptions and sources of the 
interface signals are in table 1-if1. 3 oh 


1-5.4 RENDEZVOUS RADAR/TRANSPONDER. The rendezvous radar/transponder 
(RR/T) provides range, range rate, and angle data to the LGC to enable computation of 
a trajectory from the moon to a point in space where the final docking of the LEM to 
the CSM can begin. Outputs from the RR are also avallabie for visual display. 


When the LEM is on tbe lunar surface, the RR tracks the associated transponder 
in the CSM to furnish updated information to the LGC. During the LEM ascent coasting 
phases, the RR is used for monitoring or midcourse correction maneuvers. During 
automatic operation of the RR, the RR is controlled by inputs from the LGC. The 
astronauts can manually control the RR with controls and indicators located on the 
radar panel of the commander's lower console. 


The RR consists of an antenna assembly andan electronics assembly. The antenna 


assembly contains the microwave radiatlng and gimballing elements and internally 
mounted gyros, resolvers, multiplier chains, modulators, and mixer preamplifiers. 
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The antenna is a four horn, amplitude comparison, monopulse type which uses a 
Cassegrainian configuration to minimize the total antenna depth. Components are 
distributed inside the antenna to achieve balance around each axis, Each axis (shaft 
and trunnion) is controlled by a brushless servo motor driven by pulse width modulated 
drive signals. The antenna transmits and receives circular polarized radiation to 
minimize signal variations resulting from attitude changes of the linearly polarized 
transponder antenna. 


Four rate integrating gyros are used for line of sight (LOS) space stabilization and 
LOS angle rate measurement. Only two of the gyros are used at any one time; if 
eitber of the two gyros fail, a logic circuit transfers control to the other two gyros, 
A two speed resolver is mounted on each axis for antenna angle data required by the 
LGC and for display. The multiplier chain supplies X-band power for radiation and for 
local oscillator excitation. The modulator provides phase modulation of the X-band 
carrier. 


The electronics assembly contains the antenna control amplifiers, range tracker, 
frequency tracker, frequency synthesizer, receiver, and signal data converter, 


Shaft and trunnion positioning signals from the CDU are converted into de error 
signals by the antenna control amplifiers.. The de error signals are used to torque the 
antenna gyros and produce gyro output error signals. The gyro error signals cause 
the antenna servo loop to drive the antenna to the commanded positions, 


The range tracker operates with the transponder and uses a multitone ranging 
system. The RR transmission is phase modulated with sine wave, 200 cps, 6.4 kc, 
and 204.8 ke tones. By comparing the phase of the received 200 cps tone with the 
transmitted 200 cps tone, range measurements from 0 to 390 miles can be made, 
Similar phase comparisons made with the 6.4 and 204.8 ke tones provide successive 
refinements of ranging accuracy. The lower frequency tone is used for coarse range 
extraction; the higher frequency tones provide fine range data. 


The frequency tracker nulls through the band of expected received Doppler fre- 
quencies and provides an output which represents range rate. 


The frequency synthesizer generates all of the fixed frequencies required for 
coherent signal transmission and reception. A single 1.7 me stable crystal oscillator 
and a system of multiplication, division, and mixing is used to produce the required 
frequencies. 


The receiver is a highly stable, three channel, triple conversion superheterodyne. 
Two channels are provided for the shaft and trunnion signals and one channel is pro- 
vided to amplify the sum or reference signal. 


The signal data converter provides the interfaces between the RR and the LGC. 


The signal data converter contains a computer interface unit and an input-output 
amplifier. The computer interface unit processes the radar output signals into the 
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format required by the LGC. The processed signals are then selected sequentially 
for transfer to the LGC by coded strobe signals provided by the LGC. Control and 
Status discretes are routed to the LGC through the input-output amplifier. The input- 
output amplifier also routes control and status signals to and from the LEM controls 
and displays. 


The transponder consists essentially of a triggered frequency-shifting transmitter. 


The purpose of the transponder is to extend the range of the low power radar by de- 
creasing losses. 
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Table 1-I. SCS Interface Signals 


Signal Name Description 


Manual translation 
commands (4x, +y, 
+2) 


Attitude control out 
of detent 


Rate of descent (+) 


Gimbal off (pitch, 
roll) 


Trim commands 
(+ pitch, + roll) 


Engine on-off 


Descent engine 
throttle command 
(decrease, increase) 


RCS jets on-off 


Increments of 1MU 
gimbal angles 
(£461G, +4@ma, 
+L0@0G 


CDU zero (initial 
clear) 


800 cps +1% 


Signals from translation controller wbich 
fire RCS jets by LGC control. 


Signal from attitude controller indicating 
that it is not in neutral position, 


Discretes commanding an increase or 
decrease in rate of descent. 


Signal to LGC indicating that descent 
engine pitch or roll gimbal is off null. 


Signals which control trim of descent 
engine. 


Signal to turn descent or ascent engine on 
or off. 


Signal to increase or decrease thrust of 
descent engine. 


Signals (16) to turn RCS jets on or off. 


Supplies changes in 1MU gimbal angles 
to AGS. 


Sets alignment logic of AGS to zero. 


Provides reference between PGNCS and 
SCS. 
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GUD CONT switch 


MODE SEL selector 


RNG/ALT MON switch 


RATE/ERR MONITOR 
switch (2) 


ATTITUDE MON 
switch (2) 


THR CONT switch 


MAN THROT switch 


ABORT STAGE 


AZ RT/ELEV RT- 
LAT VEL/FWD 
VEL meter (2) 


Table 1-If. Displays and Controls 


Display or Control 


Function 


Selects either primary guidance (PGNS) or abort 
guidance (AGS). Normally in the PGNS position. 


Three position switch used during landing phase to 
select one of three inputs to be displayed on AZ 
RT/ELEV RT-LAT VEL/FWD VEL indicator. 
Inputs are landing radar (LDG RADAR), PGNS and 
AGS. 


Controls display of RANGE/RANGE RATE-ALT/ 
ALT RATE indicator. Positions are RNG/RNG RT 
and ALT/ALT RT. 


Selects one of two inputs for AZ RT/ELEV RT-LAT 
VEL/FWD VEL indicator and attitude needles of 
FDAI. 


Selects one of two inputs to FDAI total attitude dis- 
play and attitude error needjes during landing. 


Selects either automatic (AUTO) or manual (MAN) 
control of descent engine throttle. Normally in 
AUTO position. 


Activates either commander's (CDR) or system 
engineer's (SE) translation controller for manual 
throttling of descent engine. 


Pushbutton to cause mission abort at any point be- 
tween LEM/CSM separation and touchdown on lunar 
surface with descent stage still attached. 


Pushbutton to cause mission abort using ascent 
stage. 


Provides visual displays of vehicle forward and 
lateral velocity during landing. 


(Sheet 1 of 2) 
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Table 1-11. Displays and Controls 


Function 


Provides visual displays of range, altitude, range 
rate, and altitude rate. 


Display or Control 


RANGE/RANGE 
RATE- ALT/ALT 
RATE meter 


FDAI meter (2) 


Provides three visual displays, total attitude, atti- 
tude error, and attitude change rate. PGNCSor 
AGS provides inputs for total attitude and attitude 
error. Attitude rate signals are provided by SCS 
rate gyros. 


LGC and ISS warning 
indicators, PGNS 
caution indicator. 


Controlled by instrumentation system which re- 
ceives discretes from LGC when certain PGNCS 
troubles exist. 


MODE CONTROL 
selector 


A three-position selector located on SCS control 
panel concerned with attitude control. Positions 
are OFF, ATT HOLD, and AUTO. In AUTO posi- 
tion, fully automatic attitude control is achieved 
through PGNCS or AGS control of RCS jets. ATT 
HOLD position allows crew to manually reposition 
LEM and have new position automatically maintained 
by LGC. 


IMU CAGE switch Switch located on DSKY mounting panel to drive 


IMU gimbal angles to zero. 


Attitude controller (2) 


Thrce-axis, pistol-grip, right-hand device for 
manual attitude control of LEM. Outputs from 
controller are processed by PGNCS or may be 
routed directly to RCS. 


Three-axis, T-handle, left-hand device for manual 
translation control of LEM. Using switch located 
next to T-handle, controller can operate RCS jets 
or throttle the descent engine. 


Translation controller 


(2) 
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Table 1-Il. Description of Landing Radar Interface Signals 


a 


Antenna positioning Changes antenna position, 
command 


Antenna position 
#1 (descent) 


Indicates to LGC that antenna is in posi- 
tion #1. 


Antenna position 
#2 (hover) 


Indicates to LGC that antenna is in posi- 
tion #2. 


Velocity data geod Indicates to LGC that LR velocity 


trackers bave locked on. 


Range data good 


Indicates to LGC that LR range trackers 
have locked on. 


Range low scale 
factor 


Indicates to LGC that a change in scale 
factor is necessary. Issued automat- 
ically at approximately 2,500 feet. 


LR in "0" and LR 
in "1" 


Digital puises sent to LGC which contain 
range and velocity data, 


Readout command Indicates that LGC is ready to receive 


LR data pulses. 


Gate reset 


3,200 cps continuous LGC output to reset 
LR transfer gates. 


Range strobe Timing pulses to enable LR transfer 


gates, 


Timing puises to enable LR transfer 
gates. 


Vxa» Vya, Vza 
strobe puises 


1-16 
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Table I-IV. Description of Rendezvous Radar Interface Signals 


Signal Name 


Description 


Antenna shaft 
angle 


Antenna shaft 

command 

Antenna trunnion RR 
angle 

Antenna trunnion CDU 
command 

RR data good RR 
RR in "0" and RR RR 
in 

Range gate and LGC 
range rate gate 

Radar gate reset LGC 
Counter readout LGC 
command 

Power on and in RR 
auto LGC mode 

RR auto track enable LGC 


RR range low scale 


Rev. B 


Sine and cosine of 1X and 16K 
shaft angle resolvers. 


Torquing signal from LGC via 
CDU which changes position of 
antenna shaft. 


Sine and cosine of 1X and 16X 
trunnion angle resolvers. 


Torquing signal from LGC via 
CDU which changes position of 
antenna trunnion. 


Digital pulses to LGC to indicate 
that RR is locked on and data is 
good. 


Digital pulses to LGC which contain 
range and range rate data. 


Timing pulses to enable RR trans- 
fer gates. 


Reset pulses for gates. 

Fifteen pulses from LGC which 
read out contents of RR output 
shift register. 


Pulses to indicate RR is on and 
in auto mode. 


Allows RR to lock on return signal. 


Scaling of data has changed to low 
scaling, 
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Chapter 2 


SYSTEM AND SUBSYSTEM FUNCTIONAL ANALYSIS 


2-1 SCOPE 


This chapter provides functional descriptions of the PGNCS and its subsystems. 
This chapter describes how the PGNCS subsystems perform the PGNCS operations. 


2-2 PRIMARY GUIDANCE, NAVIGATION, AND CONTROL SYSTEM. 


The PGNCS is functionally divided into three major subsystems: inertial, optical, 
and computer. The PGNCS performs three basic functions: inertial guidance, navigation, 
and autopilot stabilization and control. Within these functions the subsystems, or 
combination of subsystems, with assistance from the astronaut, perform the following 
operations: 


(1) Establish an inertial reference which is used for measurements and compu- 
tations. 


(2) Aligns the inertial reference by optical measurements and, through inter- 
face, aligns the inertial reference with the CSM PGNCS. 


(3) Calculates the position and velocity of the LEM by inertial navigation. 


(4) Accomplishes a LEM and CSM rendezvous by radar tracking, optical navigation, 
and inertial guidance. 


(5) Generate attitude control and thrust commands to maintain the LEM on a satis- 
factory trajectory. 


(6) Control throttling of descent engine during lunar landing. 

(7) Display pertinent data related to guidance status. 

(8) Controls ascent engine hurn time to obtain proper velocity for rendezvous orbit. 

To perform its inertial guidance functions, the PGNCS employs an IMU containing 
accelerometers mounted on a gyro stabilized, gimbal-mounted platform (stable mem- 


ber). The IMU, three channels of the CDU, the pulse torque assembly (PTA), and the 
PSA form the ISS of the PGNCS. 
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To perform its navigational functions, the PGNCS empioys the AOT, the LR, 
and the RR. The AOT provides a means of manually taking direct visuai sightings and 
precision angular measurements of preselected celestial targets. During the powered 
descent and landing pbases, the PGNCS receives altitude and velocity data from the 
LR, which is usedto update or checkinertially derived data. During the coasting descent, 
lunar stay, and rendezvous phases, the RR tracks its transponder in the orbiting CSM 
to provide range, range rate, and antenna angle measurements to the LGC. 


The LGC is a digital computer which serves as botb tbe ccntrol element and the 
primary data processing element of the PGNCS. The LGC and the display and key- 
board (DSKY) form the computer subsystem of the PGNCS. 


Figure 2-1 illustrates the signal flow and interface between the PGNCS subsystems 
and navigational aids. 


2-3 LEM AND PGNCS AXES 


Several sets of axes are associated withthe LEM and PGNCS, Figure 2-2 iilustrates 
these various orthogonal sets which are defined in the following paragraphs. Positive 
rotation about each axis is as defined by the rigbt hand rule. 


2-3.1 LEM SPACECRAFT AXES. The LEM spacecraft axes provide a reference for all 
other sets of axes and define the point about which attitude maneuvers are performed. 
The LEM spacecraft axes, designated XLEM, YLEM, 2LEM: are referred to as the 
yaw, pitch, and roll axes respectively. The Xj,—M axis points through the upper dock- 
ing hatch and the ZLEM axis points through the forward hatch. The YLEM axis is 
perpendicular to the XLEM and the ZL.EM axes and can be considered to be pointing 
out of the astronaut's right shoulder as hefaces toward tbe forward portion of the LEM. 


2-3.2 NAVIGATION BASE AXES. The navigation base provides a precise alignment of 
the IMU to the AOT and the ASA and a means of attaching all three units to tbe space- 
craft. Tbe navigation base is mounted to the LEM structure so that a coordinate ref- 
erence system is formed by its mounting points. The Ynp axis is defined by the centers 
of the two upper mounting points and is parallel to the Yy,EM axis. The XNB axis is 
defined by a line through the center of the lower mounting point, perpendicular to the 
YnpB axis and parallel to the XLEM axis. The ZNB axis is mutually perpendicular to 
the XNB and Yyp axes and is parallel to the Z},EM axis. 


2-3.3 INERTIAL AXES, The inertial axes provide references for measuring changes in 
velocity and attitude. At zero gimbal angles, the inertial axes are parallel to the 
navigation base axes. 


2-3.3.1 Gimbal Axes. The gimbal axes (outer, middle, and inner) are the axes of the 
movable gimbals. The axes are defined by the intergimbai assemblies which provide 
each gimbal with rotational freedom. The attitude of the spacecraft with respect to 
the stable member is measured by the gimbal resoivers located in the intergimbal 
assemblies. 


2-3.3.2 Stable Member Axes. The stable member axes (Xsm, YSM, ZSM) Provide 


a reference for aligning the inertial components and for defining the angular orientation 
of the inertial axes during flight. 
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Figure 2-2, LEM and PGNCS Axes 


2-3.3.3 Accelerometer Axes. The accelerometer axes (Xg, Yg, Za) are the positive 
input axes of the accelerometers and are parallel to the stable member axes. Velocity 
changes are measured along the accelerometer input axes. This velocity data is used- 
to determine spacecraft position and velocity. 


2-3.3.4 Gyro Axes. The gyro axes (Xz, Y,, Zg) are the positive input axes of the 
stabilization gyros and are parallel to tRe stable ‘member axes. If the attitude of the 
stable member is changed with respect to inertial space, the gyro senses the change 
about its input axis and provides an error signal to a servo loop which realigns the 
stable member to its original orientation. 


2-4 INERTIAL SUBSYSTEM 


The ISS performs three major functions. It measures changes in LEM attitude, 
assists in generating steering commands, and measures spacecraft velocity due to 
thrust. To accomplish tbese functions, the IMU provides an inertial reference consisting 
of a stable member with a three degree of freedom gimbal system and stabilized by 
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three rate integrating gyros. Each time the inertial subsystem is energized, tbe stable 
member must be aligned with respect to a predetermined reference. During flight and 
prior to launch from the lunar surface, this alignment is accomplished by sigbting 
the optical instrument on celestial objects, 


Once the ISS is energized and aligned, any rotational motion of the LEM will be 
about tbe stable member, which remains fixed in space. Resolvers mounted on the 
gimbal axes act as angular sensing devices and measure the attitude of the LEM 
with respect to the stable member. These angular measurements are displayed by the 
FDAI and angular changes are sent to the LGC via the CDU. 


The desired LEM attitude is calculated in the LGC and compared with the actual 
gimbal angles. Any difference between the actual and calculated angles results in the 
generation of attitude error signals by the ISSchannelsof the CDU which are sent to 
the FDAI for display. 


Vehicle acceleration is sensed by three pendulous accelerometers mounted on the 
stable member with their input axes orthogonal. The signals from the accelerometers 
are supplied to the LGC which calculates the total vehicle velocity. 


The modes of operation of the inertial subsystem can be initiated automatically by 
the LGC or by the astronaut selecting computer programs through the DSKY. The 
status or mode of operation is displayed on the DSKY. 


For purposes of explanation and description, the ISS is divided into functional blocks 
as shown in figure 2-3 and described in the following paragraphs. 


2-4.1 STABILIZATION LOOP, The three stabilization loops (figure 2-4) maintain the 
stable member in a specific spatial orientation so that three mutually perpendicular 16 
pulsed integrating pendulum (16 PIP) accelerometers can measure the proper compo- 
nents of LEM acceleration with respect to the coordinate system established by the 
stable member orientation, An input to the stabilization loops is created by any change 
in LEM attitude with respect to the spatial orientation of the stable member. Because 
of gimbal friction and unbalances, motion of the LEM structure relative to the stable 
member will produce a torque on the stable member which will tend to change its 
orientation, This change is sensed by the stabilization gyros. When the gyros sense an 
input, they issue error signals which are amplified, resolved, if necessary, into 
appropriate components, and applied to the gimbal torque motors. The gimbal torque 
motors then drive the gimbals until the stable member regains its original spatial 
orientation. 
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Figure 2-3, ISS, Block Diagram 
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The stabilization loop consists of three pre-aligned Apollo 1] inertial reference 
integrating gyro (Apollo II IRIG)assemblies, a gyro error resolver, three gimbal servo 
amplifiers, three gimbal torque motors, three gimbals, and circuitry associated with 
these components. Tbe inner gimbal is the stable member upon which the three stabili- 
zation gyros are mounted. The gyros are mounted with their input axes oriented in an 
orthogonal configuration. Movement of any gimbal tends to result in a movement of tbe 
stable member and rotation about tbe input axes of one or more of the stabilization 
gyros. 


The stabilization loop contains three paraliel channeis. Each channel starts with 
a stabilization gyro (X, Y, or Z) and terminates in a gimbal torque motor, The torque 
motor drives the gimbais resuiting in a movement of the stable member and a movement 
of the stabilization gyros. When a movement of the IMU support gimbal attempts to 
displace the stable member from its erected position, one or more of the stabilization 
gyros senses the movement and issues error signals. The phase and magnitude of the 
3,200 cps gyro error signal represents the direction and amount of rotation exper- 
ienced by the gyro about its input axis. Tbe error signal is fed from the gyro signal 
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generator ducosyn to the associated IRIG preamplifier, which is a part of the prealigned 
Apollo II IRIGassembly. Amplification of the error signal is required to achieve a high 
signal-to-noise ratio through the gimbal slip rings. 


The amplified gyroerror signals also represent motion of the stable member about 
its axis sincethe stable member axes (Xsm, YSM, ZSM) andthe gyro axes (Xg, Yg, Zg) 
are parallel to one another.* If the middle and outer gimbal axes remain aria with 
the stable member axes, then movement of the outer gimbal (a yaw movement of the 
LEM) is sensed by only the X gyro and movement of the middle gimbal (roll move- 
ment of the LEM) is sensed by only the Z gyro. Movement of the stable member 
about the inner gimbal axis (Ygm), however, changes the relationship of the X and Z 
gyro input axes to the outer and middle gimbal axes. As a result, a movement of the 
middle or the outer gimbal is sensed by both X and Z gyros. The input required by the 
gimbal servo amplifiers to drive the gimbals and move the stable member back to its 
original position must be composed of components of both the X and Z gyros. The re- 
quired gimbal error signals are developed by the gyro error resolver. The gyro error 
signals, E(Xg) andE(Zg), are applied to the stator windings of the gyro error resolver. 
The rotor windings are connected to the inputs of the outer and middle gimbal servo 
amplifiers. Movement of the stable member about the inner gimbal axis {pitch move- 
ment of the LEM) changes the position of the resolver rotor relative to the resolver 
stator. This change corresponds electromagnetically to the change in the relationship 
of the stable member axes to the outer and middle gimbal axes. The outputs taken from 
the rotor are the required middle and outer gimbal error signals (Emg and Eog). Since 
the inner gimbal torque motor axis and the Y axis of the stable member are the same 
axis, the Y gyro error signal, E(Yg), is equal to the inner gimbal error signal, ig), 
and is fed directly to the inner gimbal servo amplifier. 


The three identical gimbal servo amplifier modules are located in the PSA and 
contain a phase sensitive demodulator, a filter, and a de operational power amplifier. 
The phase sensitive demodulator converts either the 3, 200 cps gimbal error or 800 cps 
coarse align error, zero or pi phase, signals into a representative positive or negative 
de signal. The de signal is filtered andapplied to a de operational amplifier with current 
feedback. The compensation network in the feedback circuit of the amplifier controls 
the response characteristics of the entire stabllization loop. The output of the de 
amplifier has an operating range between +28 vde and -28 vde and drives the respec~ 
tive gimbal torque motor directly in either angular direction. 


The gain required for each stabilization loop differs. This difference compensates 
for the differences in gimbal inertia, The proper gain is selected by the connections to 
the gimbal servo amplifier module. A single torque motor is mounted on each gimbal at 
the positive end of the gimbal axis. The torque motors drive the gimbals to complete 
the stabilization loop. 


* The Z gyro has its positive input axis aligned to the ~Zgm axis but this is compensated 
for by reversing the polarity of the 3, 200 cps excitation to the primary winding of the Z 
gyro signal generator ducosyn which causes the Z gyro error signal to be representative 
of the direction and amount of motion about the Zsgm axis. 
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The orientation of the stable member can be changed in either the coarse align, fine 
align, or IMU cage modes. Signals to reposition the gimbals are injected into the gimbal 
servo amplifiers from the CDU during the coarse align and IMU cage modes and into 
the stabilization gyros from the fine align electronics during the fine align mode. During 
the IMU cage mode and the coarse align mode, the reference signal for the demodulator 
in the gimbal servo amplifier is externally switched from 3, 200 cps to 800 cps. 


2-4,2 FINE ALIGN ELECTRONICS. The fine align electronics (figure 2-5) provides 
torquing current to the stabilization gyros to change the orientation of the IMU gimbals 
during the fine align mode. The operation of the fine align electronics is controlled by 
the LGC. 


The components of the fine align electronics are common to the three stabilization 
gyros. The fine align electronics provides torquing signals to the stabilization gyros 
one at a time on a time shared basis. The fine align electronics consists of a gyro 
calibration module, a binary current switch module, and a de differential amplifier 
und precision voltage reference module, all located in the PTA, 
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Figure 2-5, Fine Align Electronics - Computer Inputs 
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The fine align electronics Is enabled and controlled by LGC inputs to the gyro cal- 
ibration module. The LGC inputs consist of torque enable pulses, gyro select pulses, 
a torque set command, and a torque reset command. ‘he fine align electronics is en- 
abled by the torque enable puises. The torque enable pulses are a train of pulses 
three microseconds in width and occurring at 102.4 kpps. The torque enable pulses 
are applied through a relay driver to energize the torque enable relay in the cali- 
bration module. When the torque enable relay is energized, system 28 vde is applied 
to the precision voltage reference (PVR) and regulated 120vde from the pulse torque 
power supply is applied to the dc differential amplifier and the binary current switch, 
The torque enable pulse train is received 20 milliseconds prior to any gyro set 
command, 


The gyro to be torqued and the direction it is to be torqued is selected by the LGC 
by sending gyro seiect pulses to one of the six +A@or -A@inputs, (See figure 2-6, ) The 
gyro select pulse consists of a train of pulses three microseconds in width and occur- 
ringat 102.4 kpps. The pulse train activates a transistor switch network which controls 
current through the T+ or T- coils of the torque generator ducosyn inthe gyro selected. 
The gyro seiect pulse train is received 312.5 microseconds (one LGC clock time at 
3,200 pps) prior to any torque set command. 
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Figure 2-6, Fine Align Electronics - Gyro Selection 
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The torque set and reset commands are 3, 200 pps pulse trains containing pulses 
that are three microseconds in width. A 3, 200 pps pulse train will be present on the 
torque set line when any gyro is to be torqued. A 3, 200 pps pulse train is present on 
the torque reset line at all other times. This ensures that the binary current switch is 
in the reset condition priorto receipt of a torque enable command from the LGC. When 
the gyro has been torqued the proper amount, a torque reset command is issued which 
causes the torque current to be cut off. The gyro select pulse train will be removed 
312.5 microseconds after the torque reset command has been issued. The torque set 
and torque reset pulses are fed through a 1:2 step-up transformer in the calibration 
module to the set and reset inputs of the binary current switch. 


The torque current from the binary current switch is applied through a tuned re- 
sistive-capacitive compensation network in the calibration module to make the torque 
generator ducosyn windings appear as a pure resistive load to the binary current switch. 
The torque current to the gyros is via the T+(common) line. Current will flow only 
through the selected torque generator coils, the current monitor resistor, and the 
scale factor resistor. The voltage drop developed across the scale factor resistor is 
used as a feedback to the differential amplifier to regulate the torquing current. The 
voltage drop across the current monitor resistor is applied to PTA test points for ex- 
ternul monitoring of gyro torque current. 


When no gyro is being torqued, the binary current switch provides current flow 
through dummy load resistor and through the current monitor and scale factor resis- 
tors. In this manner, the binary current switch maintains a continuous flow of torque 
current. The dummy load resistor simulates the impedance of the torque generator 
coil und a compensation network. 


The torque set and torque reset pulses trigger a flip-flop (bi-stable multivibrator) 
in the binary current switch (figure 2-7). If the flip-flop is in the +set condition, 
the +set condition will remain until a reset command resets the flip-flop. The out- 
puts of the flip-flop control two transistor switches. lf the flip-flop is in the +set 
condition, the +set output is present at the base of the +torque current switch, causing 
the switch to turn on. The +torque current switch closes the path from the 120 volt 
supply through the current regulator to the proper T+ or T- winding of the selected 
gyro via the calibration module. If the flip-flop is in the -set condition, the -torque 
current switch will turn on and close the current path through the dummy load resistor. 


The binary current switch used in the fine align electronics is identical to the 
one used in the accelerometer loops. The portion of the binary current switch used 
only for the accelerometer loops is disabled in the fine align electronics application. 
In the accelerometer loop application, current to the acceleromcter T+ torque genera- 
tor coil is provided by the +torque current switch and current to the T- torque genera- 
tor coil is provided by the -torque current switch. Therefore, the +torque and -torque 
designations of the switches have significance. In the fine align electronics application 
the switch designations have no significance since current to both the T+ and T- coils 
of the gyro torque generators is provided by the +torque current switch while the -torque 
current switch provides only the dummy load current. 
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Figure 2-7, Binary Current Swltch 


The de differential amplifier and PVR module (figure 2-8) maintains the cur- 
rent through the windings of the torque generator ducosyn at 84 milllamperes. The 
PVR is supplied with regulated 28 vde and, through the use of zener diode clrcuits, 
develops an accurate 6 vde for use as a reference voltage. The scale factor resistor in 
the calibration module also has 6 volts developed across it when 84 milliamperes of cur- 
Tent flows through it. A comparison is made by the de differential amplifierof the PVR 


6 volts and the scale factor resistor 6 volts. Any deviation from the nominal 84 milli- 
amperes of torquing current will increase or decrease the voltage developed across 
the scale factor resistor and cause an output error signal fromthe de differential ampli- 
fier. This error signal controls the current regulator in the binary current switch. 
The current regulator, whichis in series with the torque generator coils of the selected 
gyro and the 120 vde source, will maintain the torqulng current at 84 militamperes, 
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Figure 2-8, DC Differential Amplifier and Precision Voltage Reference 


The current flow through the windings of the torque generator ducosyn causes the 
gyro float to rotate about the gyro’s output axis. A+A@ gyro select command from the 
LGC will allow torque current to flow through a T- torque generator coil which results 
ina positive rotation of the gyro float about the outputaxis. A-Aé@ gyro select command 
produces a negative float rotation.* Float rotation results in an error output from the 
signal generator ducosyn. The error signal is applied to the stabilization loop to re- 
position the gimbals andthe stable member. The change in gimbal angles is transmitted 
by the CDU read counters to the LGC. 


* The positive input axis of the Z gyro is aligned to the -Zsm axis but this is com- 
pensated for by reversing the T+ and T- connections to the Z gyro torque generator 
ducosyn. A +A@Z gyroselect command from LGC will cause a negative float rotation 
but since the polarity of the Z gyro signal generator is also reversed the gyro error 
signal will appear to represent a positive float rotation. The stabilization loops will 
then drive the gimbals in the desired direction, 
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2-4.3 ACCELEROMETER LOOP. The threeaccelerometer loops measure the acceler- 

- ation of the stable member along three mutually perpendicular axes and integrate this 
data to determine velocity. The velocity is used by the LGC to determine the LEM 
velocity vector. Figure 2-9 is a functional diagram of an accelerometer loop. 


The three accelerometer loops contain three prealigned 16 PIP assemblies, three 
PIP preamplifiers, three ac differential amplifier and interrogator modules, tbree 
binary current switches, three calibration modules, three dc differential amplifier and 
precision voltage reference modules, a pulse torque isolation transformer, and asso- 
ciated electronics. 


The three mutually perpendicular PIP's are acceleration sensitive devices, When 
fixed in its associated accelerometer loop, the PIP becomes an integrating accelerom- 
eter. The PIP is basically a pendulum-type device consisting of a cylinder with a pen- 
dulous mass unbalance (pendulous float) pivoted with respect to a case, The axis of the 
pivots defines the PIP output axis. A signal generator is located at the positive end of 
the output axis to provide electrical output signals indicative of the rotational position 
of the float, A torque generator located at the other end of the float acts as a trans- 
ducer to convert electrical signals into mechanical torque about the float shaft. The 
accelerometer loop using a PIP is mechanized to operate in a binary (two state) mode. 


In the binary mode, the PIP pendulum is continually kept in an oscillatory motion. 
Thus the two states; positive rotation or negative rotation. The rotation is accom- 
plished by continuously routing torquing current through the torque generator plus or 
minus windings. 
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Figure 2-9, Accelerometer Loop 
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The torque generator has two windings, one to produce torque (rotation) in a positive 
direction, the other to produce torque (rotation) in a negative direction. Only one 
winding will have current in it at anyone time. The torque winding selection is accom- 
plished by the setting of a flip-flop in the binary current switch (figure 2-7). When the 
loop is first energized, the interrogator sets the flip-flop to route the torquing current 
to one of the windings, which will rotate the float to null. As the float passes through 
null, the phase of the output signal of the signal generator changes, which causes the 
interrogalor to issue pulses to reset the flip-flop in the binary current switch and thus 
route torquing current to the other torque winding. The float is then torqued in the 
opposite direction until the signal generator output again changes phase as the float 
passes through null which reinstates the cycle. 


The output of the signal generator, after being amplified hy the PIP preamplifier 
is Interrogated 3200 times a second by the interrogate pulse. The binary current 
switch flip-flop can be reset only when the interrogate pulse is present and the signal 
generator output is of the proper phase. 


The PIP pendulum motion is an oscillatory motion about its null point and can be 
measured in cycles per second. As is characteristic of every electro-mechanical loop, 
there exists some natural resonant frequency. The naturalfrequency is dependent upon 
float damping, signal and torque generator sensitivities. and other loop characteristics, 
In the case of the accelerometer loop this natural frequency is approximately 500 cps, 
and the pendulum oscillates at a frequency close to that. At a torque winding selection 
rate of 3200 pulses per second, the value of this frequency can be any value equal to 
3200 + x where x is any even number. 


Using the ahove ratio, it is possible forthe pendulum to have a maximum frequency 
of 1600 cps (x equals 2). A frequency of 1600 cps means that for every torque selec- 
tion pulse, the torque current would be routed to the opposite torque generator winding. 
Solving the equation f = 3200 + x, the frequency closest to 500 is 533-1/3, In this 
case; the value of x is six, Thus one complete pendulum cycle will occur during six 
torque selection pulses. Dividing the time for the six pulses into positive and negative 
rotations, it is seen that the PIP functions in a 3-3 mode (positive rotation for three 
torque selection pulses, negative rotation for three torque selection pulses). 


The physical configuration of the PIP is such that the float. when moding in its 
3-3 state and sensing no acceleration, rotates an equal angular distance on both sides 
of an electrical and mechanical null. 


The 2 voltrms, 3200 cps, one phase signal generator excitation voltage is synchro- 
nized with the LGC clock. The signal generator has a center tapped secondary winding 
which provides a double ended output, one side having a zero phase reference with re- 
spect to the 3,200 cps excitation and the other side a pi phase reference. The center 
tap is connected to ground. The output signal is representative of the magnitude and 
direction of the rotation of the pendulous float about the output axis. The error signal is 
then routed to the preamplifier mounted on the stable member, The phase of the output 
signal from the preamplifier is -45° from the reference excitation, The phase shifted 
zero or pi phase signals from the preamplifier are applied as separate inputs to the ac 
differential amplifier and further amplified. The two signals are then sent to the 
interrogator. 
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The ac differential amplifier and the interrogator are packaged in the same module 
which is located in the pulse torque assembly (PTA) (figure 2-10), The interrogator 
analyzes the ac differential amplifier outputs to determine the direotion of the 16 
PIP float movement and generates appropriate torquing commands. The two ampli- 
fied signals from the ac differential amplifier goto two summing networks and threshold 
amplifiers (represented in figure 2-10 by AND gates). Interrogate pulses (IP) are 
continuously being received by the interrogator from the LGC, An interrogate pulse 
is a two microsecond pulse occurring at 3,200 pps and timed to occur 135 degrees 
after the positive going zero crossing of the reference excitation. (See figure 2-11.) 
With this phasing, the interrogate pulse occurs at the 90 degree peaks of the phase shifted 
zero or pi phase input signals from the PIP preamplifiers, The interrogate pulse 
occurs at a positive 90 degree peak of the zero phase signal if the float angle is posi- 
tive and at a positive 90 degree peak of the pi phase signal if the float angle is negative. 
The zero and pi phase signals and the interrogate pulses are ANDed by the summing 
network and threshold amplifier. The gated outputs of the threshold amplifier are 
applied to a flip-flop as set or reset pulses. If the flip-flop is in the +set condition, 
a succession of set pulses will maintain the +set condition. The +set condition will 
remain until the float angle passes through null. At this time, a reset pulse is pro- 
duced to cause the flip-flop to go to the -set condition. 
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Figure 2-10, AC Differential Amplifier and Interrogator Module 
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The outputs of the flip-flop are applied to two AND gates which are also driven 
by switch pulses received from the LGC, The switch pulses are a train of clock 
driven 3,200 pps pulses three microseconds in width, timed to occur three micro- 
seconds after the leading edge of the interrogate pulse. The flip-flop enables only 
one output gate at any switch pulse time. The outputs of the AND gates are called 
the TM + set pulse and the TM - set pulse. 


The binary current switch (figure 2-7) utilizes the TM+set and TM - set outputs of 
the interrogator to generate 16 PIP torquing current. The TM+set and the TM - set 
pulses furnish the input to a flip-flop. If the flip-flop is in the +set condition, a 
succession of TM+set pulses will maintain the +set condition. The +set condition will 
persist until the float angle passes through null. The phase change will cause the 
flip-flop of the ac differential amplifier and interrogator module to reset to the -set 
condition. At this time a TM - set pulse is developed and causes the binary current 
switch flip-flop to go to the -set condition, The outputs of the flip-flop control two 
transistor current switches, If the flip-flop is inthe +set condition, the +set output will 
be at the hase of the +torque current switch and will turn it on, The +torque current 
switch closes the path from the current regulated 120 vde supply through the PIPA 
calibration module to the 16 PIP T+ torque generator coils. If the flip-flop is in the 
-set condition, the -torque current switch will be turned on, closing the path through 
the T- torque generator coils, 


An acceleration along the PIP input axis causes the pendulous mass to produce 
a torque which tends to rotate the float about the output axis. The torque produced by 
the acceleration is proportional to the magnitude of the acceleration. The acceleration 
produced torque aids and opposes the torque generator forces causing changes in the 
time required for the float to be torqued back through null. A change in velocity 
(AV) is the product of acceleration and incremental time (At), the torque is actually 
Proportional to an incremental change in velocity ( AV). 


TaCCEL = Kya At = Ky AV 


The float is already in motion due to loop torquing, therefore additional torque is 
required to overcome the acceleration torque and to keep the pendulum in its oscilla— 
tory motion. The additional torque is obtained by supplying torquing current for addi- 
tional time through one of the torque windings. The current at any one time is a con- 
stant, therefore the current must be present for a longer period of time. Thus to 
determine the amount of acceleration sensedby the PIP, it is necessary only to measure 
the length of time torquing current is applied to each torque winding, 


ACCELyyp = Ky B [(T+) -(T] at 
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From the above identities, it is seen that torquing time (At) is proportionai to the 
change in velocity (AV). 


Ky AV = Ko D [it = (T-)] at 


AV - [ry - (r>] At 
Ky 


The time (At), representative of the AV, is sent to the LGC in the form of P and N 
puises (figure 2-9). 


In addition to seiecting the proper torque generator winding, the outputs of the 
binary current switch flip-flop also go to two AND gates where they are ANDed with 
the 3,200 cps data pulses from the LGC, The data puise is three microseconds in 
width and is timed to occur two microseconds after the leading edge of the switch pulse. 
(See figure 2-11.) The data pulse and switch Pulse are both 3,200 cps, therefore the 
LGC receives either a P pulse or anN pulse once every 1 + 3200 second. When the 
PIP is sensing no acceleration, the penduium is oscillating at a frequency of 533-1/3 
cps; and the LGC is receiving three P pulses and three N pulses once every cycle or 
once every 1 + 533-1/3 seconds. The LGC contains a forward~backward counter 
which receives the velocity pulses and detects any actual gain in velocity. 


The counter counts forward on the three P pulses and then backward on the three 
N pulses. The counter continues this operation and generates no AV pulses. With 
an acceleration input to the PIP, however, the loop no longer operates at the 3-3 ratio 
and the counter exceeds its capacity and reads out the plus or minus AV pulses 
which are then stored and used by the LGC. The additional Pulses above the 3-3 ratio 
are representative of the additional torque supplied by the torque generator to compen- 
sate for the acceleration felt by the LEM. Each pulse indicates a known value of AV 
due to the loop scaie factor. 


The PIPA calibration module (figure 2-12) compensates for the inductive load 
of the 16 PIP torque generator ducosyns and regulates the balance of the plus and minus 
torques. The calibration module consists of two load compensation networks for the 
torque generator coils of the 16 PIP, The load compensation networks tune the torque 
generator coils to make them appear as a pure resistive load to the binary current 
switch. A variabie balance potentiometer regulates the amount of torque developed by 
the torque generator coiis. Adjustment of this potentiometer preciseiy regulates and 
balances the amount of torque developed by the T+ and T- torque generator coils. 
This balancing insures that for a given torquing current an equal amount of torque will 
be developed in either direction. 
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Figure 2-12, PIPA Calibration Module 


The calibration module alsoincludes a current monitor resistor and an adjustable 
scale factor resistor network in series with the torque generator coils. A nominal six 
volts is developed across the scale factor resistor network due to the torquing current 
andis applied as aninput to the de differential amplifier and precision voltage reference 
module. The voltuge drop across the current monitor resistor is used for external 
monitoring purposes. 
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The de differential amplifier and PVR are identical to the ones used in the fine 
align electronics. (See figure 2-8.) The de differential amplifier and PVR module 
maintain the current through the ducosyn torque generator coils at a set value which 
produoes the proper scale factor (approximately 43 milliamperes), The PVR is supplied 
with regulated 28 vde and, through the use of precision circuits, develops a stable 
6 volts (nominal) for use as a reference voltage. The scale factor resistor in the 
calibration module also develops 6 volts when the set value of current flows through 
it. A comparison is made by the dec differential amplifier of the PVR 6 volts and the 
scale factor 6 volts. Any deviation of the torquing current from the set value increases 
or decreases the scale factor resistor voltage and results in an output error signal 
from the do differential amplifier. This error signal controls the current regulator 
in the binary current switch. The current regulator, which is in serles with the 120 
vde source and the ducosyn torque generator coils, maintains the torque current at 
tbe set value. 


2-4.4 IMU TEMPERATURE CONTROL SYSTEM. The 1MU temperature control sys- 
tem (figures 2-13 and 2-13A) maintains the temperature of the stabilization gyros 
and accelerometers within the required temperature limits during both standby and 
operating modes of the IMU. The system supplies and removes heat to maintain the 
IMU heat balance. Heat is removed by convection, conduction, and radiation. The natural 
convection used during IMU standby mode changes to blower controlled, forced convec- 
tion during IMU operating modes. The 1MU internal pressure is maintained between 
3.5 and 15 psia to enable the required forced convection. To aid in removing heat, 
a water-glycol solution at approximately 45 degrees Fahrenheit from the spacecraft 
coolant system passes through the coolant Passages in the IMU case. 


2-4.4,1 Temperature Control Circuit. The temperature control circuit maintains the 
gyro and accelerometer temperature. The temperature control circuit consists of a 
temperature control thermostat and heater assembly, a temperature contro] module, 
three 1RIG end mount heaters. three IRIG tapered mount heaters, two stable member 
heaters, and three accelerometer heaters. The thermostat and heater assembly is 
located on the stable member and contains a mercury-thallium thermostat. a bias 
heater, and an anticipatory heater. Except for the bias heater, all heaters (a total of 
12) are connected in parallel and are energized by 28 vde through an switching action 
of transistor Q2, which completes the de return path. The thermostat acts as a control 
sensing element and senses the temperature of the stable member. 
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When the thermostat temperature falls below 130 (+0.2) degrees Fahrenheit, the 
thermostat opens and transistor Qi conducts and drives transistor Q@2 to conduction. 
When transistor Q2 conducts, current will flow through the twelve heaters. Be- 
cause of the large mass of the stable member, its temperature will increase at a 
relatively slow rate as compared to the gyros, which have a heater in each end mount. 
The anticipatory heater improves the response of the thermostat to insure that the 
magnitude of the temperature oycling of the gyros and the accelerometers is as small 
as possible. When the thermostat temperature rises above 130 (+0.22) degrees Fahren- 
heit, the thermostat closes and the base of transistor Q1 is shorted to ground, cutting 
off transistors @Q1 and @Q2 and deenergizing tbe heaters. The temperature control 
circuit will maintain the average of the gyro temperatures at 135 degrees Fahrenheit 
and the average of the accelerometer temperatures at 130 degrees Fahrenheit with 
the specified coolant temperature. The temperature difference between tbe gyros and 
the accelerometers is adjusted by properly proportioning the amount of power in 
each heater. 


During IMU operation, power is applied to the fixed accelerometer beaters to 
compensate for the additional heat supplied to the gyros by the gyre wheel motor 
heat dissipation, Power is also applied to a bias heater on the control thermostat. 
The bias heater supplies a fixed amount of heat to the control thermostat to main- 
tain tbe proper absolute temperature level of the gyros and acceierometers. The 
amount of bias heat is controlled by the selection of resistor R5. The power for 
the fixed accelerometer heaters and the thermostat bias heater are the -90 degree 
and -180 degree outputs, respectively, from the 28 vac power supplies which are also 
used for gyro wheel power. 


The 28 vde heater power is applied to tbe heaters through the contacts of a safety 
thermostat which will provide protection against an extreme overheat condition in 
case a malfunction occurs in the temperature control circuit. The safety thermostat 
contacts open at 139.5 (+3.0) degrees Fahrenheit and close at 137 (+3) degrees Fahren- 
heit. 


2-4.4.2 Blower Control Circuit for PGNCS 601 and 602. The blowers maintain IMU heat 
balance by removing heat. The blowers operate continuously during IMU operate modes. 
The blower control circuit shown on figure 2-13 is inoperative because tbe contacts 
of blower control relay K1 are bypassed. 


The blowers are supplied from the -90 and -180 degree outputs of the 28 volt, 
800 cps, power supplies which also provide gyro wheel motor power. Fused phase 
shift networks are associated with each blower so that excitation and control cur- 
rent can be supplied from the same source. 
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Figure 2-13. IMU Temperature Control System 
PGNCS 601 and 602 
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2-4.4.2A Blower Control Circuit for PGNCS 603. The blower control circuit (figure 
2-13A) maintains IMU heat balance by removing heat. The blower control circuit 
consists of a blower control thermostat and heater assembly, a blower control module 
assembly, two axial blowers, and a relay. The contacts of the thermostat contained in 
the blower control thermostat and heater assembly close at 139 (40.2) degrees Fahren- 
heit and remain closed at higher temperatures. Resistor R6 is provided to limit the 
current through the bias heater in the blower control thermostat and heater assembly. 
The amount of heat supplied by the bias heater is a constant. If the duty eycle of the 
temperature control circuit exceeds 50 percent, enough additional heat will be pro- 
vided by the anticipatory heater to increase the temperature of the blower control 
thermostat and heater assembly to 139 degrees Fahrenheit. When the thermostat 
contacts close, transistor Q1 conducts and relay K1 is energized to remove the power 
from the blowers. The normal duty cycle of the temperature control circuit, with the 
IMU in a 75 degree Fahrenheit ambient temperature, is approximatcly 15 to 20 percent, 
Under this condition the blowers will operate continuously. Only a very low ambient 
temperature will cause a blower off condition. 


Power to the blowers is supplied from the -90 degree output of the 28 volt, 800 
eps, 5 percent power supply which also provides gyro wheel motor power. Fused 
phase shift networks are associated with each blower so that excitation and control 
current can be supplied from the same source. 


2-4.4.3 Temperature Alarm Circuit for PGNCS 601 and 602. The temperature alarm 
circuit (figure 2-13) monitors the temperature control system. The temperature alarm 
circuit consists of a temperature alarm thermostat and a temperature control module. 
If a high or low temperature is sensed by the temperature alarm thermostat located 
on the stable member, a discrete is sent to the LGC and the IMU auxiliary module. 
When the temperature is within the normal range of 126.3 to 134.3 degrees Fahren- 
heit, 28 vde is applied through the thermostat to the emitter of transistor Q1 causing 
the transistor to conduct. Transistor Ql conducts through a grounding system in the 
LGC. 


When the temperature falls below 126.3 degrees Fahrenheit, 28 vdc will be re- 
moved from transistor Ql. causing it to stop conducting and thus signaling the LGC 
of an alarm condition. When the temperature rises above 134.3 degrees Fahrenheit, 
28 vde will be applied directly to the base of the transistor as well as to the emitter. 
With 28 volts applied to both emitter and base, the base-emitter junction is no longer 
forward biased and the transistor stops conducting which signals the LGC of an alarm 
condition. There is no differentiation between a high or low temperature alarm. When 
the LGC senses a temperature alarm. it causes the IMU TEMP lamp and the PGNCS 
lamp to light. When the IMU auxiliary module receives a temperature alarm, it sends 
the information to telemetry. 
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2-4.4.3A Temperature Alarm Circuit for PGNCS 603. The temperature alarm circuit 
which monitors the temperature control system, consists of a temperature alarm 
@ high limit thermostat and heater assembly, a temperature alarm low limit thermostat 
and heater assembly, and a temperature alarm module assembly, If a high or low 
temperature is sensed by the thermostats located on the stable member a discrete 
is sent to the LGC and to the IMU auxiliary module. When the temperature is within 
the normal range, the low limit thermostat contacts are closed and the high limit 
thermostat contacts are open. Transistor Q1 is then properly biased for conduction 
 ] through a grounding system in the LGC. 


At temperatures below 126.0 (+0.2) degrees Fahrenheit both the low limit ther- 
mostat contacts and the high limit thermostat contacts are open. At temperatures 
above 134.0 (+0.2) degrees Fahrenheit both the low limit thermostat contacts and the 
high limit thermostat contacts are closed. In either case, transistor Q1 is not able to 
conduct. Non-conduction of transistor Q1 signals the LGC of an alarm condition. There 
is no differentiation between a high or low temperature alarm. When the LGC senses 
a temperature alarm, it causes the TEMP and PGNCS lamps to light. When the IMU 
auxiliary module receives a temperature alarm, it sends the information to telemetry. 


2-4.4.4 External Temperature Control. External temperature control of the IMU is 
provided by GSE control heater circuits in the IMU which are controlled externally to 
the airborne equipment by the portable temperature controller (PTC) or the tempera- 
SS ture monitor control panel of the optics-inertial analyzer (O1A). The GSE control 
heater circuitry consists of a safety thermostat, six gyro heaters, two stable member 
heaters, three accelerometer heaters, temperature indicating sensors, and an IMU 
standby power sensor which disables the GSE when airborne power is on. The tempera- 
ture indicating sensors act as the control sensing element of the external control and 
indicating circuitry. The heaters are connected in parallel. The six gyro temperature 
indicating sensors (two in each gyro) are connected in series to sense the average 
temperature of the gyros. The three accelerometer temperature indicating sensors 
(one in each accelerometer) are connected in series to sense the average temperature 
of the accelerometers. All of the GSE control heater circuitry is electrically indepen- 
dent of the airborne temperature control system and will not be used at the same time 
that the IMU temperature is being controlled by the airborne temperature control sys- 
tem. The GSE control heater circuitry cannot be used as a backup temperature control 


& system during flight. 


2-4.5 ISS MODES OF OPERATION. The ISS has four major modes of operation: IMU 
turn on, CDU zero, coarse align, and inertial reference. Submodes which will also be 
discussed are fine align, IMU cage, attitude error indication and display inertial data. 
An additional mode is the master reset condition which is available during laboratory 

ty testing only. All ISS moding is initiated and controlled by computer discretes to the 
CDU. (See figure 2-14.) To select an ISS mode of operation, the LGC can send a single 
discrete, a combination of diseretes, or no discretes. The display inertial data func- 
tion utilizes the RR channels of the CDU; therefore, a description of the discretes 
to the RR channels of the CDU will also be presented. 
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2-4.5.1 CDU Discretes. All LGC discretes issued to the CDU to initiate and control 
the various ISS modes or functions are 0.0 (#2) vde, LGC ground, applied through a 
2,000 ohm source impedance to the CDU mode module. 


2-4.5.1,1 ISS CDU Zero. TheISS CDUzero discrete zeros or clears all three ISS CDU 
read counters simultaneously. It also inhibits the transmission of incrementing pulses 
to the read counters for the period of time the discrete is present. The CDU discrete 
will be present (minimum duration is approximately 400 milliseconds) for as long as 
the read counters are to be held at zero. The IMU is not disturbed by the CDU zero 
discrete. 


2-4,5,.1.2 ISS Enable Error Counter. The ISS enable error counter discrete enables 
all three ISS error counters simultaneously which allows them to accept incrementing 
pulses from the LGC. The error counters are normally cleared and inhibited. The ISS 
enable error counter discrete is used in conjunction with the coarse align enable discrete 
during the coarse align mode. The ISS enableerror counter discrete is used alone 
when display of attitude error signals on the FDAI is required only. 


2-4,5.1.3 Coarse Align Enable. The coarse align enable discrete enables a relay 
driver which energizes the coarse align and demodulator reference relays located in 
the PSA. This connects the coarse align error signal to the gimbal servo ampli- 
fiers and changes the reference voltage for the demodulator in the gimbal servo ampli- 
fiers from 3, 200 cps to 800 cps. The discrete also enables the digital feedback pulses 
from the read counter to the error counter. The presence of the coarse align enable 
discrete and the absence of the enable error counter discrete also inhibits the in- 
crementing pulses to the read counter. 


2-4.5,1.4 D/A Enable. The D/A enable discrete enables both RR CDU error counters 
simultaneously. The error counters are normally cleared and inhibited, The LGC nor- 
mally provides positioning signals to the RR through the RR channels of the CDU. The 
D/A enable discrete, however, is also used in conjunction with the display inertial 
data discrete to allow the LGC to feed inertiaily derived velocity data through the 
RR channels of the CDU to meter displays. 


2-4.5.1.5 Display Inertial Data. The display inertial data discrete energizes relays 
which switch the de output from the digital to analog (D/A) converter in the RR chan- 
nels of the CDU to the LEM velocity meters. 


2-4.5.1.6 RR CDU Zero. The RR CDU zero discrete clears both RRread counters 
simultaneously and inhibits the transmission of incrementing pulses to the read 
counters. This discrete is not used for any ISS flight modes or functions but can be 
used for CDU test functions. 
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Figure 2-14, ISS-CDU Moding 
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2-4.5.2 IMU_Turn On Mode. The purpose of the IMU turn on mode is to drive the 
gimbals to their zero position and hold them there. (See figure 2-15.) The IMU turn 
on mode is initiated upon closure of the ISS OPERATE circuit breaker and allows for 
a 90 second gyro run up period. The ISS OPERATE circuit breaker routes 28 vdc IMU 
operate power through the deenergized contacts of the ISS turn on control relay, located 
in the IMU auxiliary assembly module, to the cage relays, The 28 vdc IMU operate 
power is also routed through the same deenergized contacts to the LGC as a continuous 
turn on delay request discrete, The cage relays energize and, in turn, cause the coarse 
align relays to be energized. The cage relays route the 1X gimbal resolver sine winding 
outputs through the contacts of the coarse align relays to the respective gimbal servo 
amplifiers. The gimbal servo amplifiers drive the gimbals until the resolver signals 
are nulled. The operation of the caging loops is discussed further in the IMU cage 
mode description. 


Upon receipt of the 1SS turn on delay request discrete, the LGC sends the ISS CDU 
zero discrete and the coarse align enable discrete to the CDU for a minimum period of 
90 seconds, The CDU zero discrete clears the read counters and inhibits the incrementing 
pulses to the read counters. The coarse align enable discrete provides a redundant 
means of energizing the coarsc align relays, 


A second set of deenergized contacts onthe ISS turn on control relay routes a ground 
to the time delay circuit of the pulse torque power supply which inhibits the operation 
of the power supply and thus prevents accelerometer pulse torquing during the 90 second 
turn on period, This allows time for the accelerometer floats to become centered 
and the gyro wheels to run up prior to torquing. 


After the 90 second delay has been completed, the LGC sends the ISS turn on delay 
complete discrete. The ISS turn on delay complete discrete acts through a relay driver 
to energize and latch in the ISS turn on control relay. Energizing the 1SS turn on control 
relay deenergizes the cage relay, removes the ISS turn on delay request discrete, 
and removes the inhibit from the pulse torque power supply. The computer program 
can then place the ISS in the inertial reference mode by removing both the CDU zero 
and the coarse align enable discretes, or it can initiate the coarse align mode by re- 
moving only the CDU zero discrete and sending the ISS enable error counter discrete. 
The IMU turn on circuit will be reset whenever 28 vdc IMU operate power is turned off. 


2-4.5,3 IMU Cage Mode. The IMU cage mode is an emergency backup mode which 
allows the astronaut to recover a tumbling IMU by setting the gimbals to zero. (See 
figure 2-15.) During this mode, the 1X gimbal resolver sine winding outputs are fed 
through the CDU to the gimbal servo amplifiers to drive the gimbals until the resolver 
signals are nulled, 
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The IMU cage mode is initiated when the astronaut presses the IMU CAGE switch. 
The switch is held until the gimbals settle at the zero Position (five seconds maximum), 
The gimbal position may be observed on the FDAI The IMU CAGE switch routes a 
28 vde discrete signal to the LGC and to the cage relays located in the PSA, (See 
figure 2~15,) The cage discrete energizes the cage relays, which in turn, cause the 
coarse align relays, the demodulator reference relay, and a relay in the gimbal servo 
amplifiers to energize. The relay in the gimbal servo amplifiers switches in addi- 
tional capacitance into the RC compensationnetworks to tune them for 800 cps operation, 
The demodulator reference relay changes the gimbal servoamplifier demodulator refer- 
ence signal from 3,200 cps to 800 cps. The cage relays switch the 1X gimbal resolver 
sine winding outputs through the energized contacts of the coarse align relays into the 
corresponding gimbal servo amplifier inputs. The gimbal servo amplifiers drive the 
gimbals until the resolver signals are nulled. 


Upon receipt of the IMU cage discrete, the LGC will discontinue sending the error 
counter enable discrete, the coarse align enable, the display inertial data discrete, and 
the incrementing pulses to the CDU. The LGC will also discontinue sending torquing 
commands, if any are in process, to the fine align electronics. 


After the IMU CAGE switch is released, the LGC will allow the read counters to 
settle and will then place the PGNCS in an attitude control mode. During the time the 
IMU cage discrete is present and while the read counters are settling, the NO ATT lamp 
on the DSKY is lighted. 


The cage mode will also be entered automatically if the IMU is turned on when the 
LGC is off or in standby mode, During the normal turn on sequence, the closure of the 
ISS OPERATE circuit breaker will route 28 vde through the deenergized contacts of 
the ISS turn on control relay to the cage relays. The cage relays energize and cage the 
gimbals. After the 90 second turn on time delay has been completed, the LGC will 
send the ISS turn on delay complete discrete which will energize the ISS turn on control 
relay which, in turn, deenergizes the cage relays. If, however, the LGC is off or in 
standby when the IMU is turned on, the ISS turn on control relay will remain deenergized 
and the ISS will remain in the IMU cage mode. 


if the IMU cage mode is entered as a result of an IMU turn on with the LGC off 
or in standby, the ISS can be placed in the inertial reference mode by allowing 90 
seconds for gyro runup then pressing the IMU CAGE switch. The IMU CAGE switch 
will energize and latch in the ISS turn on control relay which removes the 28 vde which 
had been energizing the cage relays. With the ISS turn on control relay latched, the 
cage relays will deenergize and remain deenergized when the IMU CAGE switch is 
released. Deenergizing the cage relays causes the coarse align relays to be deenergized 
which connects the gyro error signals to the respective gimbal servo amplifiers. 
The stabilization loops will maintain the stable member inertially referenced to the 
orientation established by the caging loops. 
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2-4.5.4 1SS_CDU Zero. The purpose of the ISS CDU zero mode is to clear and inhibit 
the three ISS CDU read counters, (See figure 2-14.) The mode is initiated by the LGC 
sending the ISS CDU zero discrete, The presence of the discrete is maintained for as 
long as the read counters are to be held at zero. 


2-4.5,5 Coarse Align Mode. The purpose of the coarse align mode is to change the 
orientation of the gimbals by LGC command. The change in gimbal orientation is aecom- 
plished by feeding the CDU error counter computer pulses equal to the required change 
in gimbal angles. The mode is initiated when the LGC sends the eoarse align diserete 
and, after a short delay, the 1SS error eounter enable diserete to the three ISS channels 
of the CDU, The LGC, knowing the actual gimbal angle registered in the read counter, 
calculates the desired amount of change ingimbalangle required to reposition the gimbal 
to the desired angle and converts this change into a number of + A@, pulses to be sent 
to the error counter. The +A§, pulses are sent to the error counter at a rate of 
3.200 pps in bursts. Each 4, pulse is equal to a change in gimbal angle of approxi- 
mately 158 are seeonds, The error counter, having heen enabled, accepts the pulses 
and counts up or down, as necessary, until all the pulses have been registered. 


The digital information in the error counter is converted into an 800 cps, amplitude 
modulated, analog error signal by the ladder decoder in the D/A converter module. The 
ladder decoder signal is summed with a feedback signal and applied through a mixing 
amplifier located in the D/A converter module to the gimbal servo amplifiers to drive 
the gimbals to the desired angles. The function of the feedback signal and the mixing 
amplifier will he diseussed later. The output of the mixing amplifier, referred to as 
the coarse align error signal, is appliedtothe gimbal servo amplifiers through the eon- 
tacts of the coarse align relays loeated in the PSA, The coarse align relays, which 
are energized by the coarse align enable discrete acting through a relay driver. switch 
the input of gimbal servo amplifiers from the gyro preamplifiers to the coarse align 
error signal output of the ISS D/A converters. The demodulator reference relay is also 
energized hy the coarse align enable discrete and switches the referenee frequeney of 
the demodulator in the gimbal servo amplifiers from 3,200 cps to 800 cps. The coarse 
align enable diserete also energizes a relay in the gimbal servo amplifiers which 
switches in additional capacilanee into the amplifier’s compensation networks to tune 
them for 800 cps operation, 


As the gimbals are driven, pulses, representing the ehange in actual gimbal 
angle, are generated hy the read counter and applied to the error counter. These pulses 
are also equal to approximately 158 arc seconds and act to decrease the A@, pulses 
registered in the error counter. The error counter output to the ladder decoder, there- 
fore, represents the difference between the desired amount of change in gimbal angle 
and the amount of change actually accomplished. When the error counter reaches 
a null and the gimbals stop moving, the actual gimbal angle has changed by an amount 
equal to the total value of the - 48, pulses sent by the LGC to the error counter, The 
LGC checks the content of the read counters 2,1 seconds afler sending the last A@¢ 
pulse to the error counters. If the gimbal angles are not within two degrees of the 
desired angles, the LGC issues an sthirm, 
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The rate at which the gimbalsare drivenis limited to prevent damage to the gyros 
and to assure that the read countercantrack the gimbal angle accurately. The rate of 
gimbal movement is limited by feeding backthe CDU fine error signal [sin 16 (8-¥)] to 
the input of the mixing amplifier located in the D/A converter module. The CDU fine 
error signal is out of phase with the output of the ladder decoder and has an amplitude 
proportional to the difference between the actual gimbal angle (8) and the angle in the 
read counter (~). The fine error signal is applied through a voltage limiting cir- 
cuit to the summing junction of the mixing amplifier where it is summed with the 800 
cps ladder decoder output signal. The D/A converter ladder decoder output is applied 
to the mixingamplifier through a scaling amplifier and a voltage limiting diode net- 
work. The scaling amplifier controls the signal gain to produce a scale factor of 0.3 
volt rms per degree. The output of the mixing amplifier will be at a null when the D/A 
converter ladder decoder output. after limiting. is equal to the fine error feedback 
signal. The fine error signal will be a constant value only when the gimbal and the 
CDU are going at the same rate and with the gimbal angle leading the CDU angle. 
Since the CDU is limited to counting at one of two speeds. the gimbals will be limited 
to a rate equal to one of these two speeds. During the coarse align mode, the CDU 
is limited to a high counting speed of 6.4 kpps anda low counting speed of 800 cps. 
Atall othertimes, the high counting speed is 12.8 kpps. 


If the gimbals are moving ata faster rate thanthe rate at which the CDUis counting, 
the fine error signal will increase, causing a retarding torque to be developed by the 
gimbal servo amplifier. lf the gimbals are moving at a rate slower than the rate at 
which the CDU is counting, the fine error signal will decrease, causing the gimbal 
servo amplifier to apply an accelerating torque to the gimbals. By adjusting the gain of 
the fine error signal into the mixing amplifier, the gimbal drive rate is limited to 
either 35.5 degrees per second (6.4 kpps CDU counting rate) or 4. 5 degrees per second 
(800 eps CDU counting rate). 


2-4.5.6 Inertial Reference Mode. The inertial reference mode provides a coordinate 
reference system on which attitude and velocity measurements and caleulations may be 
based. During the inertial reference mode, the stable member is held fixed with respect 
to an inertial reference by the stabilization loops. The ISS CDU read counters provide 
the LGC with changes in gimbal angles with respect to the stable member. The ISS is 
in the inertial reference mode during any operating period in which there is an absence 
of moding commands. During the inertial reference mode, thefinealign electronics is 
inhibited and the ISS CDU error counters are cleared and inhibited. 


2-4,5,7 Fine Align Mode. The purpose of the fine align mode is to reposition the stable 
member fo a fine alignment by torquing the gyros. The fine align mode is actually a 
gyro torquing function accomplished during the inertial reference mode. The torquing 
current to the gyros is provided by the fine align electronics located in the PTA. The 
fine align electronics is enabled and controlled by LGC pulses sent directly to the fine 
align electronics. The LGC does not send command discretes to the ISS CDU's during 
this mode. The ISS is in the inertial reference mode prior to the enabling of the fine 
align electronics and returns to that mode when the fine align electronics is disabled. 
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The fine align electronics torques the gyros ona time shared basis, The LGC sends 
four types of pulse trains to the fine align electronics. The first pulse train sent is 
the torque enable command which enables the fine align electronics. The second pulse 
train is a gyro select command which selects a particular gyro and the direction 
it is to be torqued by means of a switching network which closes the current path 
through the proper torque ducosyn coil. The third and fourth types of pulse trains 
are the torque set and torque.reset commands which control a binary current switch 
to start and stop the current flow through the selected torque ducosyn coil. The amount 
of current flow through the torque ducosyn coilsis precisely controlled at a fixed value. 
The amount of gyro torquing to be accomplished is determined by the amount of time 
torque current is applied; that is, thetime duration between the receipt of the torque set 
and the torque reset commands. This time durationis calculated by the LGC. The torque 
ducosyn displaces the gyro float, causing the ducosyn signal generator to apply an error 
signal to the stabilization loop. The stabilization loops drive the gimbals to reposition 
the stable member, Upon completion of the torquing, the stable member remains fixed 
in its inertial reference and in fine align mode until the torque enable command is re- 
moved, after which the ISS remains in inertial reference mode until further change is 
commanded. 


During the fine align mode, the ISS CDU error counters remain cleared and inhib- 
ited. The CDU read counters continue to repeat the gimbal angles and send angular 
data + (48) to the LGC. 


2-4.5.8 Attutide Error Indication. The attitude error indication mode supplies attitude 
error signals to the FPDAI, The attitude error indication mode is initiated when the 
LGC sends the ISS error counter enable discrete to the CDU. The LGC will calculate 
the difference between the actual gimbal angles and the correct angles and convert 
this into the number of + A6, pulsestobe sent to the error counter. The error counter, 
having been enabled, accepts the pulses and counts up or down until it has Tegistered 
all the pulses. 


The digital information in the error counter is converted into an 800 cps, ampli- 
tude modulated, analog error signal by the ladder decoder in the D/A converter. This 
ac signal is applied through a scaling amplifierto the FDAI. As the actual gimbal angles 
change, the LGC sends additional + Aa, pulses to count the error counter upor down, 
thereby changing the signal to the FDAI. 


2-4.5.9 Display Inertial Data. The display inertial data mode permits the LGC to pro- 
vide inertially derived forward and lateral velocity signals through the digital to analog 
section of the RR channels of the CDU to the LEM velocity display meters. The 
display inertial data mode is used during the last phases of the LEM powered descent. 
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The display inertial data mode is requested bythe astronaut closing a switch on the 
main control panel. (See figure 2-16.) The mode is initiated by the LGC sending the 
display inertial data discrete te the RR channels of the CDU. The display inertial 
data discrete acts through a relay driver to energize relays which connect the D/A 
converter de error signal outputs to the LEM velocity display meters. After a brief 
delay to allow for relay pull in time, the LGC sends the D/A enable discrete followed 
by incrementing pulses to the error counters. The LGC sends +46, pulses representing 
LEM forward velocity (motion along the Zj,py axis) to one error counter and #A@c 
pulses representing LEM lateral velocity (motion along the vehicle YL) tothe 
other error counter. The read counters will not send incrementing pulses to the error 
counters; therefore, the only information registered in the error counters will be 
the +4@c pulses. 


The digital information registered in the error counter is converted into an 600 
cps, amplitude modulated, analog signal by the ladder decoder in the D/A converter. 
This signal is converted intoa dc analog signal by a phase sensitive demodulator 
circuit also located in the D/A converter, Tbe de analog signal is applied through tbe 
energized relay contacts to the LEM velocity display meters. As the velocity changes, 
as calculated by the LGC, representative +40 pulses will continue to be sent to the 
error counter, causing it to count up or down and thereby changing the D/A converter 
de signal to the display meters. 
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Figure 2-16, Display Inertial Data Mode 
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2-4.5.10 Master Reset Condition (Test Area Only). The purpose of the master reset 
condition is to establish preselected standard operating modes in both the airborne 
equipment and the GSE, The master reset condition is operable in the ISS test con- 
figuration only, The master reset condition is initiated when the MASTER RESET 
pushbutton on the test control panel of the OIA is pressed. 


The effects of establishing a master reset conditionare dependent upon the particular 
ISS level of test, power mode status, et cetera, at the time the MASTER RESET push- 
button is pressed, With the ISS STANDBY pushbutton selected, but prior to pressing the 
ISS OPERATE pushbutton, the MASTER RESET pushbutton will cause the simultaneous 
closure of the IMU stabilization loops, During the first 90 seconds after pressing 
the ISS OPERATE pushbutton, the MASTER RESET pushbutton is disabled, Ninety 
seconds after pressing the ISS OPERATE pushbutton, the MASTER RESET push- 
button is enabled and, if selected, simultaneously performs the following operations: 
causes the coarse align mode to be commanded, places the gimbals under gimbal 
positioner control, and removes all IMU caging signals. The master reset condition 
also discontinues all RR mode commands and commands the RR channels of the CDU to 
repeat the RR angles. 


2-4,6 ISS POWER SUPPLIES. 


The ISS power supplies convert the +28 vdc prime LEM power into the various 
de and ac voltages required by the ISS, The power supplies are the pulse torque 
power supply; the -28 vdc power supply; the 800 cps, 1 percent power supply; the 800 
cps, 5 percent, 2 phase, power supply; and the 3,200 cps power supply. The pulse 
torque power supply is in the PTA and the remaining power supplies are in the PSA, 


The +28 vde prime power is supplied by the LEM electrical power system through 
the 18S OPERATE circuit breaker. All ac power supplies are synchronized to the LGC 
clock by means of computer pulses. The dc supplies, using multivibrators as ac sources 
for transformation, are also synchronized to the LGC, Synchronization is accomplished 
by a multivibrator which will free runata lower frequency without the computer pulses, 
assuring operation of the ISS power supplies in the event of an LGC failure. 


2-4.6.1 Pulse Torque Power Supply. The pulse torque power supply (figure 2-17) 
provides 120 vdc to the three binary current switches and three de differential ampli- 
fiers in the accelerometer loops and the binary current switch and de differential 
amplifier in the stabilization loop fine align electronics. The pulse torque power supply 
also provides three individual 28 vdc outputs to the accelerometer loop PVR's, 20 vde 
to the three accelerometer loop ac differential amplifier and interrogator modules 
and the associated binary current switches, and -20 vdc to the ac differential ampli- 
fier and interrogator module in the accelerometer loops. 


The -20 vde output is derived from the -28 vde power supply by using a zener 
diode as a voltage divider and regulator. The output is regulated at -20(+0.8) vdc, 


The 20 vde output is derived from 28 vde prime power by the use of a three tran- 
sistor series regulator which maintains the output voltage at 20 (20.55) vdc, 
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Figure 2-17, Pulse Torque Power Supply 


The 120 vde and 28 vde PVR outputs are derived from a multivibrator, a power 
amplifier, and a rectifier and filter. A 12.8 kpps synchronizing pulse is received from 
the LGC through a buffer transformer in the pulse torque insolation transformer assem- 
bly and is applied to an amplifier-inverter. The output of the amplifier-inverter is 
applied to a multivibrator-chopper causing it to be synchronized at 6,400 cps. A tran- 
sistorized time delay circuit is incorporated into the emitter circuits of the multi- 
vibrator to provide a turn on time delay of approximately 350 milliseconds. During the 
90 second IMU turn on mode, 0 vde is applied through the turn on circuits of the IMU 
auxiliary assembly module to the time delay circuit which inhibits the 120 vdc and 
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28 vde PVR supplies. The multivibrator-chopper output is applied to the primary of 
a transformer which has 28 vde prime power applied to its center tap. The secondary 
of the transformer. which is also center tapped, is coupled to a two stage push-pull 
power amplifier which operates from 28 vde prime power, The output of the power 
amplifier consists of a transformer with four secondary windings; one with center tap 
return for the 120 vde power supply, and one each for the X, Y, and Z accelerometer 
loop 28 vde PVR supplies. The 120 vdc power supply consists of a full wave rectifier 
whose output is filtered, regulated, and again filtered. The 28 vde power supplies are 
identical and conslst of a full wave bridge rectifier whose output is filtered, regulated, 
and again filtered. The PVR time delay circuit inhibits the operation of the regulator 
in each 28 vde PVR circuit toprovidea six to elght second time delay in the 28 vdo PVR 
outputs. 


2-4,6.2 -28 VDC Power Supply. The -28 vde power supply provides input power to the 
three gimbal servo amplifiers in the stabilization loops and to the pulse torque power 
supply to generate -20 vde foruse inthe accelerometer loops, The -28 vde power supply 
consists of a pulse amplifier-inverter, a multivibrator-chopper, a power amplifier, and 
a rectifier and filter. (See figure 2-18.) The 25.6 kpps synchronization pulse input is 
amplified and inverted for use in synchronizing the mu!tivibrator-chopper at 12.8 keps. 
The multlyibrator-chopper output is applied to the primary of a transformer which has 
28 vde prime power applied to its center tap. The secondary of the transformer, which 
is also center tapped, is coupled to a push-pull power amplifier. The output of the 
amplifier ls transformer coupled to a full wave rectifier and filter whose positive side 
is referenced to ground to provide a ~27.0 (+1.0) vde output. 


2-4.6,3 800 CPS Power Supply. The 800 cps power supply (figure 2-19) consists of four 
modules: an automatic amplitude control, filter, and multivibrator; a 1 percent ampli- 
fier: and two 5 percent amplifiers. The 1 percent amplifier provides IMU gimbal resolver 
excitation. gimbal servo amplifier demodulator reference, and FDAI and control elec- 
tronics section (CES) reference. The two 5 percent amplifiers provide gyro wheel 
excitation, IMU blower excitation, and accelerometer fixed heater power. The 1 percent 
amplifier also provides the input to one of the 5 percent amplifiers whose output is 
Phase shifted ~90 degrees. The output of this 5 percent amplifier is applied to the 
second 5 percent amplifier whose output is also phase shifted -90 degrees, or -180 
degrees from the output of the 1 percent amplifier. The outputs of the 1 percent ampli- 
fier and the 5 percent amplifiers are applied to their respective loads through the 
IMU load compensation network which provides a power factor correction. 


Zcro and pi phase, 800 cps pulsetrains from the LGC synchronize the multivibrator 
at 800 cps. In the absence of the synchronizing pulses, the multivibrator will free run 
between 720 and 790 cps. The outputof the multivibrator controls the operation of the 
chopper and filter circuil. The filtered chopper outputis applied to the 1 percent ampli- 
fier. The output of the 1 percent amplifier. in addition to its direct uses, is a feedback 
signal to the automatic amplitude control circuit. The positive peaks of this feedhack 
signal are detected and added to a de reference signal. The sum is filtered and provides 
a de bias to the multivibrator driven chopper. The bias controls the amplitude of the 
chopped signal. 
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Figure 2-19, 800 CPS Power Supply 


ND-1021042 


LEM PRIMARY GUIDANCE, NAVIGATION, AND CONTROL SYSTEM MARUAL 


=e eee 


The 1 percent amplifier 1s push-pull In operation with transformer coupled input 
and output and with overall voltage feedback for gain and distortion control. 


The two 5 percent amplifiers are identical in operation. The amplifiers are 
push-pull and have transformer coupled inputs and outputs. The Input transformer 
primary center tap is connected to the input signal low. The input signal high is applied 
directly to one side of the primary winding and is also applied through a phase shift 
network to the other, or out of phase, side of the primary. A feedback signal from the 
secondary of the output transformer is also applied to the out of phase side of the input 
transformer primary where it is mixed with the phase shifted portion of the input Signal. 
This mixing results in a -90 degree phase shift inthe secondary of the input transformer. 
The cutput of the first 5 percent amplifier is used as an input to the second 5 percent 
amplifler to provide an additional -90 degree phase shift, 


2-4.6,4 3,200 CPS Power Supply, The 3,200 cps power supply provides excitation 
voltage for the signal generator and the magnetic suspension portions of the IRIG and PIP 
ducosyns, The 3,200 cps output is also used as a reference for the demodulator in the 
gimbal servo amplifiers. 


The excltation voltage to the signal generators requires hoth voltage stahility and 
phase stahility. To accomplish this Stahility, tbe excitation voltage power transmission 
to the stahle memher is through a step down transformer on the stahle member which 
reducesthe slipring current and, therefore, voltage dropeffects due to slipring, cahle, 
and connector resistance. In addition, each wire connecting the output of the transformer 
to the input terminals of each PIPis out to exactly the same lengtb. The voltage level at 
the primary of the transformer is fed hack to the power supply and is compared to a 
voltage reference, 


The 3,200 cps power supply (figure 2-2 0) consists of an amplitude control module 
and a 1 percent power amplifier. The amplitude control module contains an automatic 
amplitude control circuit, a multivihrator, a chopper, and a filter, 


The 3,200pps pulse trains of zero degree phase and 180 degree phase synchronize 
a multivihrator. The output of the multivibrator controls the operation of the chopper 
circuit. The output of the chopper is applied to the 1 percent power amplifier. The 
28 volt rms output of tbe amplifier is transmitted through the slip rings to the trans- 
former on the stable member where the voltage is stepped down to 2 volts for the accel- 
erometer ducosyns and 4 volts for the gyro ducosyns., A sample of the 28 volt level at 
the primary of the transformer is fed hack through the slip rings to the input of the 
automatic amplitude control circuit. The positive peaks of the feedback Signal are 
detected and added to a de reference signal. The sum is filtered and provides a dc hias 
to the chopper circuit. The de hias controls the amplitude of the chopper output to the 
filter. 
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Figure 2-20, 3,200 CPS Power Supply 


2-5 ALIGNMENT OPTICAL TELESCOPE 


The AOT provides a means of manually taking direct visual sightings and precision 
angular measurements of preselected celestial targets. These measurements are 
manually transferred by the astronaut to the LGC through the DSKY, The LGC uses 
this angular information along with pre-stored data to compute the LEM position and 
velocity and to accomplish a fine alignment of the IMU stable member, 


In the lunar pre-launch phase, the AOT is used to obtain the necessary information 
for an accurate LEM launch trajectory to intercept the CSM, 


During lunar orbital flight, the measurements obtained with the AOT are used 
by the LGC to define the vehicle's position, and to correct vehicle velocity for the 
desired lunar orbital or landing trajectory. 


2-5.1 LUNAR PRE-LAUNCH MODE, The primary function of the AOT is to facilitate 
an accurate determination of the vehicle's position and to fine align the IMU stable 
member, in an inertial coordinate reference system, prior to launch from the lunar 
surface. The AOT is first positioned (manually) to one of three viewing detents to 
make the preselected target visible within the 60 degree field of view. The AOT is 
then manually adjusted to obtain angular measurements, referenced to the nav base, 


OO 
ND-1021042 


MANUAL LEM PRIMARY GUIDANCE, NAVIGATION, AND CONTROL SYSTEM 


Position. Using the star framework as a reference, the LGC then aligns the IMU 
stable member. 


2-5.2 LUNAR ORBITAL FLIGHT MODE, In lunar orbital flight, the AOT is manually 
@ set to the center forward viewing detent. The LEM attitude is then changed by tbe 
astronaut until the target image is within the AOT field of view and the vehicle limit 


each crossing by manually keying the LGC through the MARK X or MARK Y push- 
button on the computer control and reticle dimmer assembly (CCRD). This procedure 
is then repeated using another target star. The LGC utilizes the Crossing time inputs 
and the LEM attitude angles to compute the LEM velocity and improve the accuracy 
of the estimate of the LEM position, The LGC then fine aligns the IMU and fires the 
necessary RCS jets to increase or decrease velocity for the projected lunar orbital 


2-6 COMPUTER SUBSYSTEM 


& The computer subsystem (CSS) is the control and processing center of the PGNCS. 
It consists of the LGC and a DSKY. The CSS processes data and issues discrete outputs 
and control pulses to the PGNCS and other LEM systems. The LGC is a parallel digital 
control computer with many features of a general purpose computer. As a control 
computer, the LGC aligns the IMU, positions the RR antenna and issues control 
commands to other LEM systems. As a general purpose computer, the LGC solves the 
guidance and navigation equations required for the LEM mission. In addition, the LGC 
monitors the operation of the LEM, including the Css. 


The main functions of the LGC (see figure 2~21) are implemented through the ex- 
ecution of the programs stored in memory. Programs are written in a machine language 


relevant address. The order code defines the data flow within the LGC, and the relevant 
* address selects the data that is to be used for computations. The order code of each 
instruction is entered into the sequence generator, which controls data flow and pro- 
duces a different sequence of control pulses for each instruction. Each instruction is 
followed by another instruction. In order to specify the sequence in which consecutive 
instructions are to be executed, the instructions are normally stored in successive 
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Figure 2-21, Computer Subsystem, 
Block Diagram 
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The central processor consists of several flip-flop registers. It performs arithmetic 
operations and data manipulations on information accepted from memory, the input 
channels, and priority control. Arithmetic operations are performed using the ONE's 
complement number system. Values of 14 bits, excluding sign, {up to 28 bits during 
double precision operations) are processed with an additional bit produced for overflow 
or underflow. All operations within the central processor are performed under control 
of pulses generated by the sequence generator (indicated by dashed lines in figure 2-21). 
In addition, all words read out of memory are checked for correct parity, and a parity 
bit is generated within the central processor for all words written into memory. The 
LGC uses odd parity, that is, all words stored in memory contain an odd number of 
ONE's including the parity bit. The central processor also supplies data and control 
signals through the output channels and provides interface for the various spacecraft 
subsystems. 


The LGC has ten program interrupt conditions. These ten interrupts are T6 RUPT, 
T5 RUPT, T3 RUPT, T4 RUPT, KYRPT 1, KYRPT 2 (or MKRPT), UPRUPT, DLKRPT, 
RADRPT, and HNDRPT. The T6 RUPT through T4 RUPT conditions are internal 
interrupts initiated by the LGC. The KYRPT 1 condition is initiated when a DSKY push- 
button is depressed. A MARK signal (discrete bit), indicating a sighting, initiates 
KYRPT 2. This interrupt shares the same priority as the KYRPT 2 interrupt associated 
with the navigation DSKY in the CSM application of the computer. UPRUPT indicates the 
completion of an uplink word. RADRPT is generated when a complete radar word 
is received. HNDRPT is initiated as soon as the hand controller is moved out of 
detent by the astronaut. 


Before a priority program can be executed, the current program must be inter- 
rupted; however, certain information about the current program must be preserved. 
This information includes the program counter contents and any intermediate results 
contained in the central processor. The priority control produces an interrupt request 
signal, which is sent to the sequence generator. This signal, acting as an order code, 
causes the execution of an instruction that transfers the current contents of the program 
counter and any intermediate results to memory. In addition, the control pulses transfer 
the priority program address in priority control to the central processor, and then to 

memory through the write lines. As a result, the first basic instruction word of the 
priority program is entered into the central processor from memory, and execution of 
the priority program is begun. The last instruction of each priority program restores 
the LGC to normal operation, provided no other interrupt request is present, by trans- 
ferring the previous program Counter and intermediate results from their storage loca- 
tions in memory back to the central processor. 


Certain data pertaining to the flight of the LEM is used to solve the guidance 
and navigation problems required for the LEM mission. This data, which includes 
real time, acceleration, and IMU gimbal angles, is stored in memory locations called 
counters. The counters are updated as soon as newdata becomes available. An 
incrementing process which changes the contents of the counters is implemented by 
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priority control between the execution of basic instructions. Data inputs to priority 
control are called incremental pulses. Each incremental pulse produces a counter 
address and a priority request. The priority request signal is sent to the sequence 
generator, where it functions as an order code. The control pulses produced by the 
sequence generator transfer the counter address to memory through the write lines of 
the central processor. In addition, the control pulses enter into the central processor 
the contents of the addressed counter to be incremented. 


Real time plays a major role in solving guidance and navigation problems. Real 
time is maintained within the LGC in the main time counter of memory. The main time 
counter provides a 745.65 hour (approximately 31 days) clock. Incremental pulses are 
produced in the timer and sent to priority control for incrementing the main time counter. 


The LEM mission requires that the LGC clock be synchronized with the KSC 
clock. The LGC time is transmitted once every second by downlink operation for 
comparison with the KSC clock. 


Incremental transmissions occur in the form of pulse bursts from the output 
channels to the CDU, the gyro fine align electronics, the RCS of the spacecraft, the 
optical tracker and the radar. The number of pulses and the time at which they occur 
are controlled by the LGC program. Discrete outputs also originate in the output 
channels under program control. These outputs are sent to the DSKY and various 
other subsystems. Continuous pulse trains originate in the timing output logic for 
synchronization of other systems. 


The uplink word from the LEM telemetry system {unmanned flights) is supplied as 
an incremental pulse input topriority control. As this word is received, priority control 
procudes the address of the uplink counter inmemory and requests the sequence gener- 
ator to execute the instructions which perform the serial-to-parallel conversion of the 
input word. When the serial-to-parallel conversion is completed, the parallel word is 
transferred to a storage location in memory by the uplink priority program. The uplink 
program also retains the parallel word for subsequent downlink transmission. Another 
program converts the parallel word to a coded display format and transfers the display 
information to the DSKY, 


The downlink operation of the LGC is asynchronous with respect tothe LEM telemetry 
system. The telemetry system supplies all the timing signals necessary for the downlink 
operation. These signals include start, end, and bit sync pulses. 


Through the DSKY, the astronaut can load information into the LGC, retrieve and 
display information contained in the LGC, and initiate any program stored in memory. 
A keycode is assigned to each keyboard pushbutton. When a keyboard pushbutton on the 
DSKY is depressed, the keycode is produced and sent to an input channel. A signal is 
also sent to priority control, where it produces both the address of a priority program 
stored in memory and a priority request signal,which is sent tothe sequence generator. 
This operation results in an order code and initiates an instruction for interrupting the 
program in progress and executing the KEYRUPT priority program stored in memory. 
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A function of this program is to transfer the keycode, temporarily stored in an input 
channel, to the central processor, where it is deeoded and processed. A number of 
keycodes are required to specify an address, or a data word. The program initiated by 
a keycode also converts the information from the DSKY keyboard to a coded display 
format. The coded display format is transferred by another program to an output channel 
and sent to the display portion of the DSKY. The display notifies the astronaut that the 
keycode was received, decoded, and processed properly by the LGC, 


2-6.1 PROGRAMS, An LGC program performs such functions as solving guidance and 
navigation problems, testing the operation of the PGNCS, and monitoring the operation 
of the LEM, Such a program consists ofa group of program sections that are classified 
according to the functions they perform. These functions are defined as mission 
functions, auxiliary functions. and utility functions. (See figure 2-22.) 


»-6.1.1 Mission Functions, Mission functions are performed by program sections that 
implement operations concerned with the major objectives of the LEM mission, These 
operations include erecting the IMU stable member and coarse aligning it toa desired 
heading prior to separating the LEM from the CSM and fine aligning it after separation. 
In addition, the mission functions include computationof spacecraft position and velocity 
during coasting periods of the flight by solution of second-order differential equations 
which describe the motions of a body subject to the forces of gravity. 


2-6.1.2 Auxiliary Functions. Auxiliary functions are executed at the occurrence of 
certiin events, requests, or commands, These functions are performed by program 
sections that provide a link between the LGC and other elements of the PGNCS. This 
link enables the LGC to process signals from various devices and to send commands for 
control and display purposes. In addition, the auxiliary functions implement many and 
viiried operations within the LGC in support of the LEM mission functions. 
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Figure 2-22. Program Organization 
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2-6.1.3 pelity Functions. Utility functions are performed by program sections that 
coordinate and synchronize LGC activities to guarantee orderly and timely execution 
of required operations. These functions control the operation ofthe LEM mission functions 
and schedule LGC operations on either a priority or a real-time basis. The utility 
functions also translate interpretive language to basic machine language which allows 
complex mathematical operations such as matrix multiplication, vector addition, and 
dot product computations to be performed within the framework of compact routines. 
qn addition, the utility functions save the contents of registers A and Q during an inter- 
rupt condition and enable data retriéval and control transfer between isolated banks 
in the fixed-switchable portion of fixed memory. 


2-G.2 MACHINE INSTRUCTIONS. The LGC has three classes of machine instructions: 
regular, involuntary, and peripheral (table 2-1). Regular instructions are programmed 
and are executed in whatever sequence they have been stored in memory. Involuntary 
instructions (with one exception) are not programmable and have priority over regular 
instructions. One involuntary instruction may be programmed to test computer opera- 
tions. No regular instruction can be executed when the LGC forces the execution of an 
involuntary instruction. The peripheral instructions are used when the LGC is connected 
to the peripheral equipment. During the execution of any peripheral instruction, the 
LGC is in the monitor stop mode and cannot perform any program operation. 


2-6.2.1 Regular Instructions, Four types of instructions comprise the regular instruc- 
tion class. They are the basic, channel, extracode, and special instructions. Basic 


instructions are used most frequently. The instruction words stored in memory 
are called basic instruction words. They contain an order code field and an 
address field. Special instructions have predefined addresses and order codes; basic 
instructions have only predefined order codes. The special instructions are used to 
control certain operations in the LGC. For example, one special instruction is used 
to switch the LGC to the extend mode of operation. This mode extends the length of the 
order code field and converts basic instruction words to channel or extracode instruction 
words. Channel instructions can only be used with input-output channel addresses, Extra 
code instructions perform the more complex and less frequently used arithmetic oper- 
ations. 


Regular instructions can also be functionally subdivided into the following: 
(1) Sequence changing. 

(2) Fetching and storing. 

(8) Modifying. 

(4) Arithmetic and logic. 

{5) Input-output. 


(6) Editing. 
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Table 2-1. Instruction Classes 


@ 


Basic Program 
Extracode 
Channel 


2 Special 


Involuntary Interrupt Priority 
Counter 


Peripheral Keyboard Operator 
Tape 


The sequence changing instructions alter the sequence in which the instructions 
storedinmemory are executed, One group, called transfer control instructions, changes 
the program path as defined by the programmer. The other group, called decision 
mitking instructions, branches to alternate program paths in response to predefined 


e conditions. 


The fetching and storing instructions move data, without alteration, from one loca- 
tionto another. One group, called copy instructions, provides a non-destructive transfer 
of data from memory to the central processor. Another group, called exchange in- 
structions, transposes data between memory and the central processor. One instruc- 
tion provides a nondestructive transfer of data from the central processor to memory, 


The modifying instructions alter the nextinstruction tobe executed by changing the 
contents of the order code field, address field, or both. 


The arithmetic and logic instructions perform numerical computations. One group, 
called the basic arithmetic instructions, performs addition, subtraction, multiplication, 
aud division in the ONE's complement number system, Another group, called the add 

» and store instructions, performs single or double precision addition and transfers the 
resultant from the central processor to memory. The incrementing instructions incre- 
ment a signed quantity, increment its absolute value, or diminish its absolute value by 
one. One instruction performs subtraction in the TWO's complement number system 
for angular data and one instruction performs the Boolean AND operation, 


@ The input-output or channel instructions link the interface circuits to the central 
processor, One group, called read instructions, transfers the total or partial contents 
of any channel (register) location to the central processor either directly or accompanied ’ 
by the Boolean AND, OR, or EXCLUSIVE OR operation, Another group of instructions 
transfers all new or partially new informationto any channel locationinthe same manner. 
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The editing or specialinstructions are address-dependent and control the operation 
of the program. One special instruction, as mentioned previously, controls the extend 
mode of operation. Other instructions prevent a program from being interrupted or 
shift and cycle data to the left or right. 


2-6,2.2 Involuntary Instructions. Involuntary instructions containtwo types of instruc- 
tions: interrupt and counter. The interrupt instructions use the basic instruction word 
format just as the regular instructions do; however, the interrupt instructions are not 
entirely programmable. The contents of the order code field and the address field are 
supplied by computer logic rather than the program. The counter instructions have no 
instruction word format. Signals which function as a decoded order code specify the 
counter instruction to be executed and the computer logic supplies the address. The 
address for these instructions is limited to one of 29 counter locations in memory. 


There are two interrupt instructions. One instruction initializes the LGC when 
power is first applied and when certain program traps occur. The other interrupt in- 
struction is executed at regular intervals to indicate time, receipt of new telemetry or 
keyboard data, or transmission of data by the LGC. This interrupt instruction may be 
programmed to test the computer. 


There are several counter instructions, Two instructions will either increment or 
decrement by one the content of the counter location using the ONE's complement number 
system. Two otherinstructions perform the same function using the TWO's complement 
number system. Certain counter instructions control output rate signals and convert 
serial telemetry data to parallel computer data. 


2-6.2.3 Peripheral Instructions. There are two types of peripheral instructions. One 
type deals with memory locations and the other type deals with channel locations. The 
peripheral instructions are not used when the LGC is in the LEM. They are used when 
the computer is connected to peripheral equipment during subsystem and preinstallation 
system testing. The peripheral instructions are not programmable and are executed 
when all computer program operations have been forcibly stopped. These instructions 
are used to read and load any memory or channel location and to start the computer 
program at any specified address. The peripheral instructions and counter instructions 
are processed identically, 


2-6.3 TIMER. The timer generates the timing signals required for operation of the 
LGC and is the primary source of timing signals for all LEM systems, 


The timer is divided into the areas indicated in figure 2-23, The master clock fre- 
quency is generated by an oscillator andis applied tothe clock divider logic. The divider 
logic divides the master clock inputinto gating and timing pulses atthe basic clock rate 
of the computer. Several outputs are available from the scaler, which further divides 
the divider logic output into output pulses and signals which are used for gating, for 
generating rate signal outputs, and for accumulating time, Outputs from the divider 
logic alsodrive the time pulse generator which produces a recurring set of time pulses, 
This set of time pulses defines a specific interval (memory cycle time) in which access 
to memory and word flow take place within the computer. 
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Figure 2-23, Timer, Block Diagram 


The start-stop logic senses the status of the power supplies and specific alarm 
conditions in the computer and generates a stop signal whichis applied tothe time pulse 
generator to inhibit word flow. Simultaneous withthe generation of the stop signal, a 
fresh start signal is generated which is applied to all functional areas in the computer. 
The start-stop logic and subsequent word flow in the computer can also be controlled 
by inputs from the Computer Test Set (CTS) during pre-installation systems and sub- 
system tests. 


2-6.4 SEQUENCE GENERATOR. The sequence generator executes the instructions 
stored inmemory. The sequence generator processes instruction codes and produces 
control pulses which regulate the data flow of the computer. The control pulses are 
responsible for performing the operations assigned to each instruction in conjunction 
with the various registers in the central processor and the data stored in memory. 


The sequence generator (figure 2-24) consists of the order code processor, com- 
mand generator, and control pulse generator. The sequence generator receives order 
code signals from the central processor and priority control. These signals are coded 
by the order code processor and supplied tothe command generator. The special purpose 
control pulses are used for gating the order code signals into the sequence generator at 
the end of each instruction. 


The command generator receives instruction signals from priority control and 
peripheral equipment and receives coded signals from the order code processor. The 
command generator decodes the input signals and produces instruction commands which 
are supplied to the control pulse generator. 
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Figure 2-24, Sequence Generator, Block Diagram 


The control pulse generator receives twelve time pulses from the timer. These 
pulses occur incycles and are used for producing control pulses in conjunction with 
the instruction commands. There are five types of control pulses: read, write, test, 
direct exchange, and special purpose. Information in the central processor is trans- 
ferred from one register to another by the read, write, and direct exchange control 
pulses. The special purpose control pulses regulate the operation of the order code 
processor. The test control pulses are used within the control pulse generator. The 
branch test data from the central processor changes the control pulse sequence of 
various instructions. 


2-6.5 CENTRAL PROCESSOR. The central processor, figure 2-25, consists of the 
flip-flop registers, the write, clear, and read control logic, write amplifiers, memory 
buffer register, memory address register, and decoder and the parity logic. All data 
and arithmetic manipulations within the LGC take place in the central processor. 


Primarily, the central processor performs operations indicated by the basic in- 
structions of the program stored in memory. Communication within the central pro- 
cessor is accomplished through the write amplifiers. Data flows from memory to the 
flip-flop registers or vice-versa, between individual flip-flop registers, or into the 
central processor from external sources. In all instances, data is placed on the write 
lines and routed to a specific register or to another functional area under control of 
the write, clear, and read logic. This logic section accepts control pulses from the 
sequence generator and generates signals to read the content of a register onto the 
write lines and to write this content into another register of the central processor or 
to another functional area of the LGC. The particular memory location is specified by 
the content of the memory address register. The address is fed from the write lines 
into this register, the output of which is decoded by the address decoder logic. Data is 
subsequently transferred from memory to the memory buffer register. The decoded 
address outputs are also used as gating functions within the LGC. 
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Figure 2-25, Central Processor, Block Diagram 


The memory buffer register buffers all information read out or written into memory. 
During readout, parity is checked by the parity logic and an alarm is generated in case 
of incorrect parity. During write-in, the parity logic generates a parity bit for informa- 
tion being written into memory. The flip-flop registers perform the data manipulations 
und arithmetic operations. Each register is 16 bits or one computer word in length. 
Data flows into and out of each register as dictated by control pulses associated with 
each register. The control pulses are generated hy the write, clear, and read control 
logic. 


External inputs through the write amplifiers include the content of both the erasable 
und fixed memory hank registers, all interrupt addresses from priority control, control 
pulses which are associated with specific arithmetic operations, and the start address 
for an initial start condition. Information from the input and output channels is placed 
on the write lincs and routed to specific destinations either within or external to the 
central processor. The CTS inputs allow a word to be placed on the write lines during 
system and subsystem tests. 
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2-6.6 PRIORITY CONTROL. Priority control is related to the sequence generator in 
that it controls all involuntary or priority instructions. The priority control processes 
input-output information and issues order code and instruction signals to the sequence 
generator and issues twelve-bit addresses to the central processor. 


The priority control (figure 2-26) consists of the start, interrupt, and counter in- 
struction control circuits. The start instruction contro] initializes the computer if the 
program works itself into a trap, if a transient power failure occurs, or if the interrupt 
instruction control is not functioning properly. The computer is initialized with the 
start order code signal, which not only forces the sequence generator to execute the 
start instruction, but also resets many other computer circuits. When the start order 
code signal is being issued, the T12 stop signal is sent to the timer. This signal stops 
the time pulse generator until all essential circuits have been reset and the start in- 
struction has been forced by the sequence generator. The computer may alsobe initial- 
ized manually when connected to the peripheral equipment and placed into the monitor 
stop mode. In this mode, the time pulse generator is held at the T12 position until the 
monitor stop signal is released. 
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Figure 2-26, Priority Control, Block Diagram 
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The interrupt instruction control can force the execution of the interrupt instruction 
hy sending the interrupt order code signal to the sequence generator and the twelve bit 
address to the central processor. There are ten addresses, each of which accounts for 
a particular function that is regulated by the interrupt instruction control. The interrupt 
instruction control links the keyboard, telemetry, and time counters to program oper- 
ations. The interrupt addresses are transferred tothe central processor by read control 
pulscs from the sequence generator. The source of the keyboard, telemetry, and time 
counter inputs is the input-output circuits. The interrupt instruction control has a built- 
in priority chain which allows sequential control of the ten interrupt addresses. The 
decoded interrupt addresses from the central processor are usedto control the priority 
operation. 


The counter instruction controlis similar to the interrupt instruction control in that 
it links input-output functions to the program. It also supplies twelve-bit addresses to 
the central processor and instruction signals tothe sequence generator. The instruction 
signals cause a delay {not an interruption) in the program by forcing the sequence gcn- 
crutor to execute a counter instruction. The addresses are transferred to the central 
processor by read control pulses. The counter instruction control also has a built-in 
priority of the 29 addresses it can supply tothe central processor. This priority is also 
controlled by decoded counter address signals fromthe central processor. The counter 
instruction control contains analarm detector which produces an alarm if an incremental 
pulse is not processed properly. 


2-6.7 INPUT-OUTPUT. The input-output section accepts all inputs to, and routes to 
other systems all outputs from, the computer. The input-output section (figure 2-27) 
includes the interface circuits, inputand output channels, input logic, output timing logic, 
and the downlink circuits. 
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Figure 2-27, Input-Output, Block Diagram 
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Most of the input and output channels are flip-flop registers similar to the flip-flop 
registers of the central processor, Certain discrete inputs are applied to individual 
gating circuits which are part of the input channel structure. Typical inputs to the chan- 
nels include keycodes from the DSKY and signals from the PGNCS proper and other 
LEM systems, Input datais applied directly to the input channeis; there is no write pro- 
cess as inthe central processor. However, the datais read out to the central processor 
under program control, The input logic circuits accept inputs which cause interrupt 
sequences within the computer. These incremental inputs {acceleration data from the 
PIPA's, et cetera) are applied to the priority control circuits and subsequently to asso- 
ciated counters in erasable memory, 


Outputs from the computer are placed inthe output channels and are routed to specific 
systems through the output interface circuits, The operation is identicai to that in the 
central processor. Datais written into an output channel fromthe write lines and read- 
out to the interface circuits under program control, Typically, these outputs include 
outputs to the stabilization and control system, the DSKY, the PGNCS, et cetera. The 
downlink word is also loaded into an output channel and routed to the LEM spacecraft 
telemetry system by the downlink circuits, 


The output timing logic gates synchronization pulses (fixed outputs) to the PGNCS 
and the LEM spacecraft. These are continuous outputs since the logic is Specifically 
powered during normal operation of the computer and during standby. 


2-6.8 MEMORY. Memory (figure 2-28) consists of an erasable memory with a storage 
capacity of 2048 words and a fixed core rope memory with a storage capacity of 36, 864 
words, Erasable memory is a random-access, destructive-readout storage device, Data 
stored in erasable memory can bealtered or updated. Fixed memory is a nondestructive 
Storage device. Data stored in fixed memory is unalterable since the data is wired in 
and readout is nondestructive. 


Both memories contain magnetic-core storage elements. In erasable memory, the 
storage elements form a core array; in fixed memory, the storage elements form three 
core ropes, Erasable memory has a density of one word per 16 cores: fixed memory 
has a density of eight words per core. Each word is located by an address. 


In fixed memory, addresses are assigned to instruction words to specify the sequence 
in which they are to be executed; blocks of addresses are reserved for data, such as 
constants and tables. Information is placed into fixed memory permanently by weaving 
patterns through the magnetic cores. The informationis written into assigned locations 
in erasable memory with the CTS, the DSKY, uplink, or program operation, 
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Figure 2-28, Memory, Block Diagram 


Both memories use a common address register (register S) and an address decoder 
in the central processor. When resister S contains an address pertaining to erasable 
memory, the erasable memory cycle timing is energized. Timing pulses sent to the 
erasable memory cycle timing then produce strobe signals for the read, write, and sense 
functions. The erasable memory selection logic receives an address and a decoded 
address from the central processor and produces selection signals which permits data 
to be written into or read out of a selected storage location. When a word is readout of 
a storage location in erasable memory, the location is cleared. A word is written into 
erasable memory through the memory buffer register (register G) in the central pro- 
cessor by a write strobe operation. A word read from a storage location is appliedto 
the sense amplifiers. The sense amplifiers are strobed and the information is entered 
into register G of the central processor. Register G receives information from both 
memories. 
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The address in register S energizes the fixed memory cycle timing when a location 
in fixed memory is addressed. The timing pulses sent tothe fixed memory cycle timing 
produce the strobe signals for the read and sense functions. The selection logic receives 
an address from the write lines, a decoded address and addresses from register S, and 
produces selection signals for the core rope. The content of a storage location in fixed 
memory is strobed from the fixed memory sense amplifiers to the erasable memory 
sense amplifiers and then entered into register G of the central processor. 


2-6.9 POWER SUPPLIES, The two power supplies (figure 2-29) furnish operating volt- 
ages to the LGC and the DSKY. Primary power of 28 vde from the spacecraft is 
applied to both power supplies. Regulator circuits maintain a constant outputof +4 volts 
and +4 yolts switched from one supply, and +14 volts and +14 volts switched from the 
other. The regulator circuits are driven by a sync signal input from the timer, each 
power supply having a different syne frequency. During system and subsystem tests, 
inputs from the CTS can be used to simulate power supply failures. 


The standby mode ofoperation is initiated by pressing the standby (STBY) pushbutton 
on the DSKY. During standby, the LGC is putinto a RESTART condition and the switch- 
able +4 and +14 voltages are switched off, thus putting the LGC into a low power mode 
where only the timer and a few auxiliary signals are operative. 
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Figure 2-29. Power Supplies, Block Diagram 
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The voltage alarm circuits monitor the +28, +14, and +4 volt outputs and produce 
an LGC restart signal (Fresh Start) should any of the voltages deviate from nominal by 
more than a predetermined amount. The oscillator alarm produces an LGC restart 
signal (Fresh Start) if the oscillator fails or if the LGC is in the standby mode. The 
scaler alarm circuit monitors the scaler output of the timer and generates a fail signal 
if the scaler output fails. The warning integrator monitors certain operations and gen- 
erates an LGC warning signal (Filter Out) if these operations are frequentiy repeated 
or prolonged. 


2-6.10 DISPLAY AND KEYBOARD. The DSKY is located below the center panels of the 
cockpit display and control panels. 


The DSKY (figure 2-30) consists of a keyboard; a relay matrix with associated de- 
coding circuits, displays, mode and caution circuits; and a power supply. The keyboard, 


which contains several numerical, sign, and other control keys, allows the astronaut to 
communicate with the LGC. The inputs from the keyboard are entered into an input 


channel and processed by the LGC. 
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Figure 2-30, Display and Keyboard (DSKY), Block Diagram 
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The inputs entered from the keyboard, as weli as other information, appear on the 
displays after processing hy program. The display of information is accomplished through 
the relay matrix. A unique code for the characters to be displayed is formed by fifteen 
bits from output channel 10 in the LGC, Bits 12 through 15 are decoded hy the decoding 
circuits, and, along with hits 1 through 11, energize specific relays inthe matrix which 
causes the appropriate characters to illuminate. The information displayed is the result 
of a keycode punched in by the astronaut, or is computer-controlled information. The 
display characters are formed by electroluminescent segments which are energized by 
a voltage from the power supply routed through relay contacts. Specific inputs from the 
PGNCS are also applied, through the LGC to certainrelays in the matrix through output 
channel 10 of the LGC. The resulting relay-controlled outputs are caution signalsto the 
PGNCS. 


The mode and caution circuits acceptdirect input signals from channels 11, 12, and 


13, without being decoded. The resulting outputs can give an indication to the astronaut 
on the DSKY and route the output signal to the PGNCS and spacecraft. 
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Chapter 3 
PHYSICAL DESCRIPTION 


3-1 SCOPE 
This chapter describes the physical characteristics of the components which com 


prise the LEM PGNCS. The locations of the PGNCS components within the LEM ar 
illustrated in figure 3-1. 
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Figure 3-1. Location of LEM PGNCS Components 
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Chapter 3 
2 PHYSICAL DESCRIPTION 


y 3-1 SCOPE 


This chapter describes the physical characteristics of the components which com- 
prise the LEM PGNCS, The PGNCS components and their locations within the LEM 
are listed in table 3-I and illustrated in figure 3-1. The locations of PGNCS component 
modules are also illustrated and the module functions described. 


3-2 PGNCS INTERCONNECT HARNESS GROUP (LEM) 


The PGNCS interconnect harness group (composed of interconnect harnesses 
A and B) interconnects the components of the PGNCS and provides the electrical inter- 
) face between the PGNCS and other LEM systems. The IMU and PTA are interconnected 
by harness B, Harness A interconnects the PSA, CDU, LGC, and signal conditioner. The 
two harnesses are connected to each other by vehicle cables. Table 3-II lists the 
harness connectors and the components or cable to which they are mated. 


AOT 6011000 


Table 3-I, LEM PGNCS Components 


Mounted on navy base on forward struc- 
ture of LEM with shaft protruding 
through top of LEM. 


Mounted on bracket on side of AOT 
eyepiece assembly on PGNCS systems 
below P/N 6015000-061. 


Mounted on spacecraft AOT guard as- 
sembly on PGNCS systems P/N 
6015000-061 and obove. 


2007222 Mounted on coldplate on center section 
2010744 of after crew compartment wall. 
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Table 3-1. LEM PGNCS Components 


Part Number Location 


——— 


PGNCS interconnect 
harness group (LEM) 


Interconnect 
harness A 


Interconnect 
harness B 


IMU and PTA 


LEM guidance 
computer group 


DSKY 


3-2 


6014515 


6014506 


6014507 


6010747 


6007001 


2018601 
2018699 


6007000 


6010656 


6003001 


2003985 


2003100 


2003200 


2003950 


———————————————— 


Attached to rear wall of after crew & 
compartment. 


Located in IMU compartment. 


Bolted to after end of nav base. 


Mounted on coldplate on LEM struc- 
ture immediately aft of IMU/nav base ¢ 
complex. 


Mounted on front wall of crew com- 
partment below LEM display and 
control panel. 


Mounted on coldplate on upper section 
of after crew compartment wall above 


cDU. e 


Mounted on coldplate on upper section 
of after crew compartment wall above 
CDU. 


Mounted on front wall of crew com- & 
partment below LEM display and 
control panel. 
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3-1A LEM COMPATIBILITY 


Compatibility tables 3-1 through 3-IN list the LEM PGNCS components, part num- 
bers, and dash numbers. These tables identify Apollo airborne component configura- 
tions and their compatibility to PGNCS applications, and trace Apollo airborne compo- 
nent configuration changes by ECP. The data is organized to assist field site person- 
nel in determining equipment compatibility and to aid in making valid replacement 
decisions. Table 3-A1 lists the compatibility tables in alphabetical order according to 
component or assembly. An ECP matrix has also been provided in the table. The 
matrix is useful for determining which components or assemblies are affected by an 
ECP. 


Table 3-Al. Compatibility and ECP Matrix 
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The symbol (1) inthe compatibility tables depicts an "OR" gate. Follow one path 
or the other (not both) for entry or exit from gate. 
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Table 3-I. AOT Compatibility (Sheet i of 2) 


DASH NUMBERS FOR PN60/5000 
COMPONENT PART SYSTEM SERIAL NUMBERS 


NUMOER 


| 
| 
| 
| 
| 


err 


6011856 


Required per print 

Compatible: as good or better than print requirement. See ECP flow chart. 

Not as good as print requirement, but can be used for testing. See ECP flow chart. 
CANNOT be used. (AOT-CCRD mounting compatibility is required. Reference ECP 422.) 


DESCRIPTION 


Reticle mount and objective lens AOT high density filter assembly 
assembly (sun filter) 
BREAK-IN 605 
Vacuum testing of AOT 
BREAK-IN 603 E AOT reticle lamp change 
: BREAK-IN 612 
Connecting relay assembly RETRO 604 through 611 
BREAK-IN 602 
AOT reticle knob change 


Thermal instrumentation BREAK-IN 612 
BREAK-IN 602 ONLY RETRO 604 through 611 
Corrosion protection of exposed Rollevemtacdialt 4 
beryllium BREAK-IN612, z° 
BREAK-IN 602 RETRO 604 through 611 Fs 
Blacken lens edges 4 : RO 
3 AOT counter moisture proofing al 
BREAK-IN 603 and illumination = 
BREAK-IN 612 Rey 


Incorporate eyepiece heaters 

BREAK-IN 603 RETRO 604 through 611 
* : LYA-8 modifications 

Change pressure seal material Sele 

BREAK-IN 603 AFFECLS 602 ONLY 


Incorporate eyepiece locking lever 


BREAK-IN 603 LM-2 modifications 


AFFECTS 608 ONLY 
Reposition eyepiece locking lever 
BREAK-IN 606 

RETRO 605 


LM-3 modifications 
AFFECTS 605 ONLY 


: . AOT pressure seal protection and 
Modify lens housing other flammability fixes 
BREAK-IN 605 BREAK-IN 612 
RETRO 604 RETRO 605 through 611 


(Ghowa eel ak eae 5 Conical sunshade and radar 
BREAK-IN 606 shield assembly for AOT 
eS BREAK-IN 618 

Improved pinning methods RETRO 605 through 607, 609 
BREAK-IN 604 through 617 


Incorporate shield to eliminate AOT harness protective shield 
light scatter BREAK-IN 619 

BREAK-IN 609 RETRO 605 through 607, 609 
RETRO 605 through 608 through 618 


Taping of AOT cable assembly 
RETRO 605 through 618 
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Table 3-I. AOT Compatibility (Sheet 2 of 2) 


ECP 173 
BREAK-IN 601 


PGNCS 
201 See ee a PN 6011000-000 
ECP 296, 318 
BREAK-IN 602 
PN 6011000-011 
602 ONLY 
603 & UP 
ECP 301, 353 
602 ONLY 
ECP 197, 320, 321, 
2 = PN 6011000-012 360, 353 
60 & BREAK-IN 603 
603 eo ee PN 6011000-021 
ECP 454 
BREAK-IN 604 
PN 6011000-031 
604 ONLY 
605 & UP 
ECP 421, 539, 540, 
542, AND 543 
> ECP 421 
RETRO 604 BREAK-IN 605 
604 = PN 6011000-032 
PN 6011000-041 
ECP 410, 422 
ECP 473 BREAK-IN 606 
RETRO AOT S/N 11 RETRO 605 
PN 6011000-042 PN 6011000-051 
ECP 473 
RETRO 605 THRU 608 
BREAK-IN 609 
PN 6011000-061 
ECP 539, 540, 542, 
543, 582, 618 
605 ONLY 
ECP 539, 540, 542, 
543, 582, 596 
608 ONLY 
ECP 539, 540, 542, 
543 
BREAK-IN 612 
RETRO 606, 610, 
AND 611 
PN 6011000-071 
605 ONLY 
ECP 633 
RETRO 605 
PN 6011000-072 = 
= 
= 
2 
= 
4 
ECP 657 = 
TRO 605 
RE 606 & UP = 
PN 6011000-073 = 
mm 
= 
= 
= 
ECP 697 = 
RETRO 605 ECP 633 Ss 
BREAK-IN 612 = 
605 _ PN 6011000-074 RETRO 606 THRU 611 = 
co 
cos! | — — — SS eE—E Ee PN 6011000-081 Ss 
< =) 
> = 
= 
ECP 657 s 
BREAK-IN 618 z 
RETRO 606, 607, 
609 THRU 617 
PN 6011000-091 
ECP 697 
BREAK-IN 619 = 
RETRO 606, 607, o 
609 THRU 618 7 
— 
606, 607, Se PN 6011000-111 — 
500 ¢ UP LF-— — — — — —— —— — re | == 
. a 
i Pd 
& =r 


Table 3-IA. CCRD Compatibility (Sheet 1 of 2) 


TWANYH 


ZhOIZOL-GN 


COMPONENT PART 
NUMBER 


6014512 


Required per print 

Compatible: as good or better than print requirement. See ECP flow chart. 

Not as good as print requirement, but can be used for testing. See ECP flow chart. 
CANNOT be used. (CCRD-AOT mounting compatibility is required. Reference ECP 422). 
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Table 3-IA. CCRD Compatibility (Sheet 2 of 2) 
PGNCS 
601, 603, -§ — — — — — PN 6014512-011 
& 604 
602 ONLY 605 & up 
ECP's 594, 582 BREAK Tvieoe 
RETRO 602 RETRO 605 
602 PN 6014512-071 PN 6014512-021 
ECP 538 
BREAK-IN 608 
RETRO 605 THRU 607 
| pNeo1asi2-o41 | 6014512-041 
= 
= 
z= 
= 
Zz 
z= 
= 
= 
= 
ECP 618, 594 2 
605 ONLY ECP DESCRIPTION S 
ey ¥ 7 3 . = 
ECP 596, 594 422 Bracket and housing change: mn 
an QR modify heater pad; wiring added 7% 
BREAK-IN 606 = 
ae a RETRO 605 = 
BREAK-IN 610 Replacement of reticle brightness = 
RETRO 606, potentiometer = 
607, 609 BREAK-IN 608 > 
i RETROFIT 605, 606 & 607 = 
a PN 6014512-061 5 
< [—} 
> LTA -8 modifications = 
a AFFECTS 602 ONLY S 
al 
as 
ECP 594R1 Flammability fix for CCRD mn 
BREAK-IN 612 BREAK-IN 610 = 
RETRO 605 THRU 611 RETROFIT 602, 605 THRU 609 
605 PN 6014512-081 
& UP Epoxy filled engraved aluminum 


B2-€ 


overlays 
BREAK-IN 612 
RETROFIT 605 THRU 611 


LM-2 modifications 
AFFECTS 608 ONLY 


LM-3 modifications 
AFFECTS 605 ONLY 


ChOLZO1-ON 


TWANVW 


a, a 
ND-1021042 


MANUAL LEM PRIMARY GUIDANCE, NAVIGATION, AND CONTROL SYSTEM 


[xxeol || | 


AGRRSO REE Se) 
SVE eee ee ee ee 


SYSTEM 4 NUMBERS 


eS 
See 
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Table 3-IB. CDU Compatibility (Sheet 1 of 2) 


DASH NUMBERS FOR PNGOISOOO 
Not as good as print requirement, but can be used for testing. See ECP flow chart. 


Compatible: as good or better than print requirement, See ECP flow chart, 
CANNOT be used. 


Required per print 


COMPONENT PART 
NUMBER 


2007222 
2010744 


3-2F Rev. Ad 


Table 3-1B. CDU Compatibility (Shect 2 of 2) 


PN 2007222-021 


ECP 148 & 191 


LY “Ay 


DZ-E 


BREAK-IN 601 
PGNCS 
601 — SSS SS SS SS PN 2007222-041 
603 and up 
ECP 301 ECP 336 
602 ONLY BREAK-IN 603 
PN 2007222-061 
PN 2010744-021 
ECP 388 
BREAK-IN 605 
ECP 515 RETRO 603, 604 
RETRO 602 
PN 2007222-081 
PN 2010744-041 
ECP 499 
BREAK-IN 607 
meRDECE RETRO 603 THRU 606 
RETRO 602 
pi PN 2007222~121 
602 == 
| ECP 515 
604 ee eee BREAK-IN 607 
RETRO 603, 605, 606 
NOTE: CDU's for G & N 605 
through 609 may be retro- PN 2007222-131 
fitted with ECP 564 if units 
are returned to factory. 
603 only 
ECP's 596, 603, 609, 
ECP 603 EAs ae 
RETRO 603 BREAN ol 
RETRO 605 
eos eS Nee = PN 2007222-221* 
605 thru 
608 SS 
{See ECP 564 
Note) BREAK-IN 610 
PN 2007222-241* 
| 
ECP 781 
RETRO 607, 
609 THRU 618 
607, 609 — — — — — — — — — — |) PN 2007222-251* | PN 2007222-261* 
thru 612, 
616 thru 
618 
ECP 1030 
RETRO 613, 
614, 615 
6135614 | Se 
and 615 


DESCRIPTION 


Transformer change in CDU 
CDU mode module change 


Add thermal sensors 
602 ONLY 


Change potting material 
BREAK-IN 603 


Corrosion and outgassing protection 
BREAK-IN 605 
RETROFIT 603, 604 


Addition of damper plate 
BREAK-IN 607 
RETROFIT 603 THRU 606 


Modify coarse system modules 
BREAK-IN 607 
RETROFIT 602, 603, 605, 606 


Implementation of flat pack speci- 
fications ND 1002359A and 

ND 1002358B 

BREAK-IN 610 


LTA-8 modifications 
AFFECTS 602 ONLY 


*CDU's 2007222-241, 261, and 301 require 
modules 2007129-051, 2007140-041, and 
2007141-041, If the above CDU's do not 
have all thrce modules, their P/N's are 
2007222-221, 251, and 291, respectively. 
CDU's without ECP 564 are completely 
interchangeable with CDU's containing 
ECP 564. 


LM-2 modifications 
AFFECTS 608 ONLY 


Capacitor replacement in CDU MSA 
and quadrature rejection module 
BREAK-IN 610 

RETROFIT 603, 605 THRU 609 


Elimination of CDU DAC saturation 
during coarse align mode 
BREAK-IN 610 

RETROFIT 605 THRU 609 


LM-3 modifications 
AFFECTS 605 ONLY 


Replace RTV-102 with RT V-109 
ECP 631 should be incorporated in 
PN 2007222-221. Incorporation of 
ECP 631 docs not cause part 
number change, It may be included 
in lower part number assemblies. 


CDU bolt change 
RETROFIT 609 THRU 618 


Replace 1010274 transformer in 
ECDU modules to increase 
reliability 

RETROFIT 613, 614, 615, and 
spares. 


WISAS 10810) ONY ‘NOILYOIAYN “JINYOIND AYYWINd WT 


ChOLZOL-ON 


TWANYW 


ND-1021042 


MANUAL LEM PRIMARY GUIDANCE, NAVIGATION, AND CONTROL SYSTEM 


BE TP Tare meet 
BE tte t+ 


RECCEELE Ee LET 
MELLEL TTT TT tt 
STE) a ae 


SYSTEM SERIAL NUMBERS 


IC. IMU and PTA Compatibility (Sheet 1 of 2) 


Table 3: 


DASH NUMBERS FOR PN6OISCOO 
Not as good as print requirement, but can be used for testing. See ECP flow chart. 


Compatible: as good or better than print requirement. See ECP flow chart. 
CANNOT be used. 


Required per print 


NO 


NUMBER 
*See note 2 on sheet 2. 


COMPONENT PART 


6007001 
2010747 


3-2H Rey. AJ 


e °@ ® & eo se 


Table 3-ID. Interconnect Harness Group Compatibility (Sheet 2 of 2) 


PGNCS 
Gly) | PN 6014515-011 
ECP 388 
BREAK-IN 605 
RETRO 602, 603, 604 
& SPARE 
604 —_——_— PN 6014515-021 
602, 605 & UP 
603 ONLY 
ECP 533 
ECP 562 BREAK-IN 608 
603 ONLY RETRO 602, 
605 THRU 607 
603 -——-——— PN 6014515-041 PN 6014515-031 


ECP 582, 626 
602 ONLY 


ECP 618, 626 
605 ONLY 


ECP 596, 626 
608 ONLY 


ECP 626 
BREAK-IN 609 
RETRO 606, 607 


602, 605 & UP 


PN 6014515-051 


DESCRIPTION 


*NOTE: Retrofit of G & N 
603 with ECP 626 is non- 
mandatory. 


A AR 


Me-€ 


Corrosion and outgassing 
protection BREAK-IN 605 
RETROFIT 602, 603, 604 & 
SPARE 


Incorporate uplink wires 

into harness "A" 

BRE AK-IN 608 

RETROFIT 602, 605 thru 607 & 
TWO SPARES 


Replacement of LM-1 harness 
lacing tape 
G & N 603 ONLY 


LTA-8 modifications 
AFFECTS 602 ONLY 


LM-2 modifications 
AFFECTS 608 ONLY 


LM-3 modifications 
AFFECTS 605 ONLY 


Modification of LEM 
harness group for 
flammability protection 
BREAK-IN 609 

RETROFIT 602, 603*, 605 
THRU 608 


WAISAS 1041NOD CNY 'NOLIVDIAVN “3DRVOIND ANVWId W317 


TWANYH 
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ay *Aoy 


2003100 


2003100 
2003100 
2003100 
2003100 
2003100 
2003200 
2003200 
2003200 
2003200 
2003200 
2003200 
2003993 
2003993 
2003993 
2003993 
2003993 
2003993 


Table 3-IE. LGC Compatibility (Sheet 1 of 2) 


DASH NUMBERS FOR PNEOIGO0O TvaTEmcRiycrmens 


(e) te) fe) er xe Gl @) fe) fe) 


AAA AA A vA A Aa A z @ =) El ©) 


Qa 


Required (Select one of above) 
Compatible: as good or better than requirement. See ECP flow chart. 


Not as good as requirement, but can be used for testing. See ECP flow chart. 


CANNOT be used. 


TINH 


CPOLZOL-ON 
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Table 5 'E, LGC Compatibility (Sbeet 2 of 2) 


PN 2003100-011 


ECP 322 
PN 2003100-021 


601 ONLY 


602 ONLY 


ECP 301 


RETRO 202, 602, and S/N 8 ECE TEI 22 Goi 2es a2 oiaaos 


259, 324, 351, 368, 402, 403, 
470 


ECP 474 
RETRO 601 
PN 2003100-031 
PN 2003100-041 
PN 2003100-051 


ECP 474 
RETRO 202, 602, and S/N 8 


PN 2003100-061 
PN 2003100-071 
PN 2003100-091 


BREAK-IN Cl 


PN 2003200-011 


PN 2003100-081 


ECP 440, 443, 
447, 460, 478 
BREAK-IN C3 
RETRO Cl, C2 


PN 2003200-021 


ECP 486 
BREAK-IN C6 
RETRO Cl, C2, C3, C4, CS 


PN 2003200-031 


ECP 474 
RETRO Cl THRU C7 


PN 2003200-041 


ECP 518*,564* 604 
RETRO Cl THRU C7 


PN 2003200-051 


ECP 452, 474, 485, 
501, 505, 511 
BREAK-IN C8 


PN 2003993-011 


ECP 518*, 631 
BREAK-IN C12 
RETRO C8 THRU Cil 


PN 2003993-021* 


ECP 719 
RETROFIT C2, C4, 
C5, C6 


PN 2003200-061 


ECP 564*, 604 
BREAK-IN Ci3 

RETRO C8 THRU Ci2 
WITH ECP 604 


PN 2003993-041*} PN 2003993-031* 


ECP 719 
BREAK-IN C38 
RETROFIT C13 THRU C22, 
C25 THRU C37 


PN 2003993-061 


ECP 719 
RETROFIT C8, C9, C10, 
C12, C23, C24 


PN 2003993-051 


al DESCRIPTION 


Computer module vibration 
BREAK-IN Cl 


Aluminum to magnesium conversion 
of AGC trays 
BREAK-IN Cl 


Computer multilayer board 
iayout (MLB) 
BREAK-IN C1 


Redesign of rope & erasable 
drivers 
BREAK-IN C1 


Redesign power supply module 
BREAK-IN Cl 


Redesign of erasable memory 
BREAK-IN Cl 


Thermal instrumentation 
602 ONLY 


Computer wiring changes 
BREAK-IN 601 


pel DESCRIPTION 


Incorporation of plastic pads 
under tray A&B covers 
BREAK-IN C3 

RETROFIT Cl and C2 


Wiring change to accommodate 
auxiliary memory unit 
BREAK-IN C8 


Addition of jumper wires in tray A 
BREAK-IN C3 
RETROFIT C1 and C2 


Random workmanship vibration 
BREAK-IN C1 


Manufacture test connector 
jumpers to ground certaln gate 
Inputs 

BREAK-IN C8 


Paint exposed surfaces on mid-tray 
spacer 
BREAK-IN C3 


te) RETROFIT C1 and C2 
g Sense amplifier thresbold voltage 
x stability change Redesign power supply to remove 
5 BREAK-IN C1 28 vde regulator 
BREAK-IN C8 
Alarm module temperature 
stabilization of warning integrator Cut pins on AGC power supply to 
and improved oscillator fail alarm remove 28 yde regulator — 
BREAK-IN Cl BREAK-IN C6 = 
RETROFIT C1 thru C5 a 
Improved power supply module 4 
relays Implementatlon of flight processing = 
BREAK-IN C1 spec 2 
BREAK-IN C8 2 
Clear circult driver modification = 
ENS Tee Implementation of flight processing spec = 
e rant 
Strobe adjustment ND-1002341 and new diode a 
BREAK-IN C1 Correction of computer noise SCAFAL = 
<= 
“Clear rope" driver circuit asides P= r 
= 
modification Standby change on computer * — 
ROF BREAK-IN C12 = 
RETROFIT C1 and C2 5 = 
RETROFIT Cl thru Cll = 
Replacement of short screws ' x 
ve BREAK-IN c3 Implementation of flat pack = 
8 RETROFIT Cl and C2 specifications ND 1002359A & = 
ka ND 1002358B * = 
BREAK-IN Ci3 S 
“ 
*LGC Configuration for ECP 518 & 564 Incorporation of E-memory 3 
vibration pads 


LGC Logie Power Tray A 
Module Supply 


2003200-051] 2003121 or] 2003892-011} 2003092-041 
2003888 051 or 
-061 


2003092-041 
or -061 


2003121 or} 2003892-011 
2003888 


2003993-021 
-041 
2003993-031 


2003892-011] 2003092-041 


2003883 


BREAK-IN C13 
RETROFIT Ci THRU C12 


Replace RTV-102 with RTV-109, 
ECP 631 should be incorporated 

in PN 2003993-031 and above. 
ECP 631 does not affect part 
number change. It may be included 
in other part number assemblies. 


Alarm module modification, 
V-fail detection 

BREAK-IN C38 

RETROFIT C2, C4, C5, C6, C8, 
C9, C10, C12, C23, C24, C13 
thru C22, C25 thru C37 
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Table 3-IF. DSKY Compatibility (Sheet 1 of 2) 


OASH NUMBERS FOR PN6OIS000 


SYSTEM SERIAL NUMBERS 


COMPONENT PART 
NUMBER 


2003985 


aw 4 


2003985 


2003950 
(SN 28, 
30, 31 
only) 


2003994 


(oleh fe) tel tel tel tel fel tel 
(ol (ei (ei Ce) teh te <9) Gy fe) ES 
AHH HA KH HARB 


Required 
c Compatible: as good or better than requirement. See ECP flow chart. 

T Not as good as requirement, but can be used for testing. See ECP flow chart. 
CANNOT be used. 
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Table 3-IF. DSKY Compatibility (Sheet 2 of 2) 


PN 2003985 


SEE NOTE 1 
BREAK-IN 202 
(INCLUDING "C" and "Dp" 
DSKY DESIGNATIONS) 


PN 2003985-041 


SEE NOTE 2 
BREAK-IN 201, 601, 602 
& 603 (EXCLUDE 202) 
(INCLUDING "'C" and "D" 
DSKY DESIGN AT IONS) 


PN 2003985-051 


DSKY S/N CORRELATION CHART 


DSKY Designation Serial Number (S/N) 


201, 202, 601 8, 9, 11 thru 15. 18, 25. 
thru 603 and 26 


C1 thru C8 16*; 19*" 20% 027 ch ear 
31, 32* and 33* 
(*No longer cover configur- 


ation update) 


DI and 
subsequent 


34 and subsequent 


ECP 176, 291, 367, 
& 470 
BREAK-IN C1 
(INCLUDING "D" DSKY 

DESIGNATION) 


PN 2003950-011 


ECP 419, 476, 479, 
493, 494, 501, & 505 
BREAK-IN D1 


PN 2003994-011 


ECP 735 


RETROFIT Di, Dd 


PN 2003994-041 


ECP 735 
BREAK-IN D59 
RETROFIT D3, D7 THRU 
D16, D19 THRU 
D30, D32 THRU D58 


ECP 641, 673 
BREAK-IN D30 


RETROFIT D3, D4, 
D7? THRU D29 


PN 2003994-021 


ECP 641, 673 
RETROFIT S/N 13 


PN 2003985-061 


ECP 735 
RETROFIT S/N 13 


PN 2003985-081 


ECP 641, 673 


RETROFIT S/N'S 28, 30 


PN 2003950-031 


ECP 735 
RETROFIT S/N'S 28, 30 


PN 2003950-061 


PN 2003994-051 


ECP DESCRIPTION 


DSKY module vibration 
BREAK-IN Cl 


DSKY alarm light redesign 
BREAK-IN Cl 


Addition of light duffusing paint 
to DSKY 
BREAK-IN Cl 


Indicator drive module relay 
replacement in DSKY 
BREAK-IN D1 


419 


Random workmanship vibration 
BREAK-IN Cl 


470 


476 Painting of alarm indicator face 


BREAK-IN D1 


DSKY teflon coated pushbutton 
shaft 
BREAK-IN D1 


479 


Y-line feedback base resistor 
BREAK-IN D1 


493 


NOTES 


I. Potted modules & housing change. 
No ECP number 


2. Housing change. No ECP number 


DESCRIPTION 


DSKY wiring improvement 
BREAK-IN D1 


Implementation of flight 
processing spec ND-1002313 
BREAK-IN D1 


implementation of flight processing 
spec ND-1002314 and new diode 
BREAK-IN D1 


Non-metallic materials modification 
for DSKY 

BREAK-IN D30 

RETRO D3, D4, D7 thru D29, 
S/N's 13, 28, and 30 


Redesign of DSKY pushbutton cap 
housing assembly leaf spring 
BREAK-IN D30 

RETRO D3, D4, D7 thru D29, 
S/N's 13, 28, and 30 


Addition of safety glass to cover 
DSKY EL and IL indicators 
BREAK-IN D59 

RETROFIT D1, D3, D5, D7 thru 
D16, D19 thru D30, D32 thru 
D58, S/N's 13, 28, and 30 
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Table 3-IG. LGC Group Installation Kit Compatibility (Sheet 1 of 2) 


DASH NUMBERS FOR PNGOIG000 
COMPONENT PART SYSTEM SERIAL NUMBERS 


000 


ThOLZOL-ON 


NO| T 
ae NO 
NO 
| iii 


Compatible: as good or better than print requirement. See ECP flow chart. 


Required per print 


Not as good as print requirement, but can be used for testing. See ECP flow chart. 


CANNOT be used. 


W3LSAS 1031NOD ONY ‘NOUVOIAYN JIKVOINS ABYWIad WI) 


“AOU 


NX 


O2-§ 


602 


(onthe 
THRU 
cs 


D3, D4, 
D7 & up 


NOTES: 


PN 2003985 


{INCLUDING "C" AND "D" 


ECP 641, 673 
RETRO S/N 13 


PN 2003985-061 


PN 2003950-011 


PN 2003994-011 


PN 2003994-021 


Table 3-IF. DSKY Compatibility (Sheet 2 of 2) 


SEE NOTE 1 
BREAK-IN 202 


DSKY DESIGNATIONS. 
PN 2003985-041 


SEE NOTE 2 
BREAK-IN 201, 601, 
602, 603 (EXCLUDE 202) 


(INCLUDING "'C" AND "D" 


DSKY DESIGNATIONS) 
PN _2003985-051 


ECP 176, 291, 367, 470 
BREAK-IN Cl 
(INCLUDING "D"' 
DSKY DESIGNATION) 


ECP 641, 673 
RETRO S/N 28 & 30 


PN 2003950-031 


ECP 419, 476, 479, 
493, 494, 501, 505 
BREAK-IN D1 


ECP 641, 673 
BREAK-IN D30 
RETRO D3, D4, D7 
THRU D29 


1. Potted modules and housing change. 
No ECP number. 


2. Housing change. 
No ECP number. 


DSKY Designation | Serial Number (S/N) 


201, 202, 601 
thru 603 


C1 thru C8 


D1 and 
subsequent 


DSKY S/N CORRELATION CHART 


8, 9, 11 thru 15, 
18, 25, and 26 


16*, 19*, 20*, 27*, 
28, 30, 31, 32*, 33* 
(*Configuration up- 
date no longer 
covered) 


34 and subsequent 
DESCRIPTION 


DSKY module vibration 
BREAK-IN CL 


DSKY alarm light redesign 
BREAK-IN Cl 


Addition of light duffusing paint 
to DSKY 
BREAK-IN Cl 


Indicator drive module relay 
replacement in DSKY 
BREAK-IN D1 


Random workmanship vibration 
BREAK-IN C1 


Painting of alarm indicator face 
BREAK-IN D1 


DSKY teflon coated pushbutton 
shaft 
BREAK-IN D1 


Y-line feedback base resistor 
BREAK-IN D1 


DSKY wiring improvement 
BREAK-IN D1 


Implementation of flight 
processing spec ND-1002313 
BREAK-IN D1 


Implementation of flight processing 
spec ND-1002314 and new diode 
BREAK-IN D1 


Non-metallic materials modification 
for DSKY 

BREAK-IN D30 

RETRO D8, D4, D7 thru D29, 
S/N's 13, 28, and 30 


Redesign of DSKY pushbutton cap 
housing assembly leaf spring 
BREAK-IN D30 

RETRO D3, D4, D7 thru D29, 
S/N's 13, 28, and 30 
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Table 3-IG. LGC Group Installation Kit Compatibility (Sheet 1 of 2) 


OASH NUMBERS FOR PNGOIBOOO 
COMPONENT PART 
NUMBER 


6004000 x 
NO 
NO 
NO 
NO | 


Required per print 

Compatible: as good or better than print requirement. See ECP flow chart. 

Not as good as print requirement, but can be used for testing. See ECP flow chart. 
CANNOT be used. 


TAN 


ChOlZOL-ON 
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M “ART 


PGNCS 
601 


602 


604 


603 


605 thru 612, 


616 


PV ‘Aa 


13-8 


thru 618 


613, 614 
& 615 


Table 3-IC, IMU and PTA Compatibility (Sheet 2 of 2) 


PN 6007001-011 
(SEE NOTE 1) 


ECP 221 
BREAK-IN 601 


2018601-011 6007000-011 


= 602 only 
v 


PN 2010747-021 


IMU | pTA IMU PTA 
ECP 301 | ECP 301 ECP'S 204, 307, | ECP 316 
602 ONLY 602 ONLY 308, 309,310, | BREAK-IN 603 
355 
2018699-021 | 6010656-011 BREAK-IN 603 | 


603 & am i 


|pra 
ECP 248 
| RETRO 602 


IMU 
6010656-021 


PN 2010747-031 


IMU | 
ECP's 582, 605 
RETRO 602 | 


2018699-041 


PN 2010747-061 


IMU 
ECP 653 
RETRO 602 


2018699-061 | 
PN 2010747-081 


IMU 
ECP 500 


2018601-041 1 6007000-031 


PN 6007001-021 


ECP 306 
BREAK-IN 605 | 
RETRO 603, 604 


Se 


2018601-051 


PN 6007001-041 


| BREAK-IN 605 
RETRO 603, 604 


6007000-051 


PN 6007001-061 


l gop 248 
| BREAK-IN 607 
jBEtRe 603 THRU 606 


| 6007000-041 


PN 6007001-051 


BREAK-IN 607 | 
RETRO 603 THRU 606 


2018601-071 


NOTES: 1. PN 2007001~011 has 


less than configuration 
"A" gyros, 


2. IMU's tbat do not exhibit 
a need for ECP 688 do not 
require this retrofit as a 
mandatory change and are 
considered interchangeable 
with 1MU's retrofitted with 
ECP 688. 


IMU 


IMU 


IMU 
ECP 585, 587, 605 
BREAK-IN 610 | 


ECP 618, 
G & N 605 ONLY | 


PN 6007001-071 


587, 605 | 


ECP 596, 585, 587, Gos | 
G & N 608 ONLY 


PTA 
ECP 631 


RETRO 603, 607, 609 
FOR ECP 585 

RETRO 603, 606, 607, 609| 
FOR ECP 605 


2018601-111 6007000-041 


603 ONLY 


PN 6007001-111 


IMU 


PN 6007001-031 


! 
Ecp ors | pep . 
| ECP 653 
RETRO 603 BREAK-IN 610 | 
2018601-211 6007000-041 gle oe 


2018601-151 


PN 6007001-091 


ECP 678 | 
BREAK-IN 610 
RETRO 605 THRU 609 


IMU 


2018601-191 


PN 6007001-101 


ECP 688 
BREAK-IN 611 


| 
| 
RETRO 605 THRU 610 | 
| 


(SEE NOTE 2) 


IMU 


2018601-221 


6007001-121 


ECP 1017 


RETRO 613, 614, & 615 
614, & 615 


2018601-241 
6007001~-131 


DESCRIPTION 


Thermal control circuitry change. 
BREAK-IN 603 


Z axis IRIG rotation 
BREAK-IN 601 


Pulse torque power supply change. 
BREAK-IN 607 
RETROFIT 602 thru 606 


Thermocouple addition 
602 ONLY 


Mount harness ''B" cable clamp on IMU 
BREAK-IN 605 
RETRO 603, 604 


Middle axis assembly clamp changes 
BREAK-IN 603 


Stable member heat transfer change 
BREAK-IN 603 


PIP Temperature reduction and 
temperature alarm test 
BREAK-IN 603 


IMU cross coupling change 
BREAK-IN 603 


Potting voids 
BREAK-IN 603 


TRIG cbange 
BREAK-IN 603 


Corrosion and outgassing protection 
BREAK-IN 605 

“RETROFIT 603, 604 

PIP preamplifier change 


BREAK-IN 607 
RETROFIT 603 thru 606 


582 


LTA-8 modifications 
AFFECTS 602 ONLY 


BREAK-IN 610 
RETROFIT 603, 607, and 609 


IRIG gyro end cap replacement. 


lower part numher assemblies. 


LM-2 modifications 
AFFECTS 608 ONLY~ 


IMU blanket removal 
BREAK-IN 610 


LM-3 modifications 
AFFECTS 605 ONLY 


Replace RTV-102 with RTV-109 
PN 6007001-081 and higher, 


number changes. 
in lower part number assemblies. 


IRIG pre-amp oscillation 
BREAK-IN 610 
RETROFIT 602, 605 thru 609 


IRIG end cap change 
BREAK-IN 610 
RETROFIT 603, 605 thru 609 


Modification of IMU to reduce 


BREAK-IN 611 

RETROFIT 605 thru 610 

(See note 2.) 

Replace blower motor in IMU to 
increase reliability. 
RETROFIT 613, 614, 615, and 
spares. 


DESCRIPTION 


PIP preamplifier capacitor replacement 


ECP 587 should be incorporated in 

PN 6007001-081 and higher, Incorpora- 
tion of ECP 587 does not cause part 
numher changes. It may be included in 


RETROFIT 602, 603, 605 thru 607 


ECP 631 should he incorporated in 
Incorpora- 
tion of ECP 631 does not cause part 

Tt may be included 


Modification of IMU wiring to reduce 


sporadic oscillation of IRIG preamp 
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Table 3-ID. Interconnect Harness Group Compatibility (Sheet 1 of 2) 


TWON¥H 


ChOLZO1-ON 


£E-& 


SYSTEM SERIAL NUMBERS 


Required per print 
Compatible: as good or better than print requirement. See ECP flow chart. 


Not as good as print requirement, but can be used for testing. See ECP flow chart. 


W3LSAS 10U1NOD GY ‘NOILVOLAYN “3INYCIND AMY IYd WI1 


OV “AQ 


CANNOT be used. 


Table 3-ID. Interconnect Harness Group Compatibility (Sheet 2 of 2) 


PGNCS 


PN 6014515-011 


61 > - 


ECP 388 
BRE AK-IN 605 
RETRO 602, 603, 604 
& SPARE 


PN 6014515-021 


604 —_— —— —— 


602, 605 & UP 


603 ONLY 


ECP 533 


ECP 562 BREAK-IN 608 
603 ONLY RETRO 602, 
605 THRU 607 


603 -——--— PN 6014515-041 PN 6014515-031 


ECP 582, 626 
602 ONLY 


ECP 618, 626 
605 ONLY 


ECP 596, 626 
608 ONLY 


ECP 626 
BREAK-IN 609 
RETRO 606, 607 


PN 6014515-051 


602, 605 & UP Ss Ss es ies 


DESCRIPTION 


Corrosion and outgassing 
protection BREAK-IN 605 
RETROFIT 602, 603, 604 & 
SPARE 


*NOTE: Retrofit of G & N 
603 with ECP 626 is non- 
mandatory. 


Incorporate uplink wires 
into harness ‘A 
BREAK-IN 608 
RETROFIT 602, 605 thru 607 & 
TWO SPARES 


A Aon 


Replacement of LM-1 harness 
lacing tape 
G & N 603 ONLY 


W31SAS TOXIN) ONY ‘NONLVOIAVN ‘JNYOIND ANYW/Md W321 


LTA-8 modifications 
AFFECTS 602 ONLY 


LM-2 modifications 
AFFECTS 608 ONLY 


LM-3 modifications 
AFFECTS 605 ONLY 


Modification of LEM 
harness group for 
flammability protection 
BREAK-IN 609 

RETROFIT 602, 603*, 605 
THRU 608 


WMe-€ 


ChOlZOL-ON 


TWANYW 


Té-€ 


Z AO” 


2003100 
2003100 
2003100 
2003100 
2003100 
2003100 
2003100 
2003100 
2003100 


2003200 


2003200 
2003200 
2003200 
2003993 
2003993 
2003993 
2003993 
2.003993 


Table 3-IE. LGC Compatibility (Sheet 1 of 2) 


DASH NUMBERS FOR PNG6OISO0O SYSTEM SERIAL NUMBERS 


Zz) 
saaaaal Qu x OH HAHA 


Required (Select one of above) 

Compatible: as good or better than requirement. See ECP flow chart. 

Not as good as requirement, but can be used for testing. See ECP flow chart. 
CANNOT be used. 


TWON¥W 


ChOLZOL-GN 
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601 


ci 
thru 
C7 


Table 3-IE. LGC Compatibility (Sheet 2 of 2) 


601 ONLY 
602 ONLY 


ECP 474 
RETRO 601 


PN 2003100-081 


PN 2003100-031 
PN 2003100-041 
PN 2003100-051 


PN 2003100-061 
PN 2003100-071 
PN 2003100-091 


ECP 474 
RETRO Cl THRU C7 


PN 2003200-041 


ECP 518*,564* 604 
RETRO Cl THRU C7 


PN 2003200-051 


jecr | DESCRIPTION 


176 Computer module vibration 
BREAK-IN C1 


Aluminum to magnesium conversion 
of AGC trays 
BREAK-IN C1 


Computer multilayer board 
layout (MLB) 
BREAK-IN Cl 


Redesign of rope & erasable 
drivers 
BREAK-IN C1 


Redesign power supply module 
BREAK-IN Cl 


Redesign of erasable memory 
BREAK-IN C1 


Thermal instrumentation 
602 ONLY 


Computer wiring changes 
BREAK-IN 601 


Sense amplifier threshold voltage 
Stability change 
BREAK-IN C1 


Alarm module temperature 
stabilization of warning integrator 
and improved oscillator fail alarm 
BREAK-IN Cl 


Improved power supply module 
Telays 
BREAK-IN Cl 


Clear circuit driver modification 
BREAK-IN Cl 


Strobe adjustment 
BREAK-IN C1 


"Clear rope" driver circuit 
modification 
BREAK-IN C3 
RETROFIT C1 and C2 


Replacement of short screws 
BREAK-IN C3 
RETROFIT Cl and C2 


*LGC Configuration for ECP 518 & 564 


LGC Logic Power Tray A 
Module Supply 
2003200-051]| 2003121 or] 2003892-011} 2003092-041 


-051 or 
-061 


2003092-041 
or -061 


2003993-0214 2003121 or] 2003892-011 
2003888 


2003892-011] 2003092-041 


2003993-031] 2003888 


PN 2003100-011 


ECP 322 
PN 2003100-021 


ECP 301 
RETRO 202, 602, and S/N 8 


ECP 474 
RETRO 202, 602, and S/N 8 


— —~) PN2003993-041* 


ECP 176, 226, 254, 257, 258, 
259, 324, 351, 368, 402, 403, 
470 

BREAK-IN Cl 


PN 2003200-011 


ECP 440, 443, 
447, 460, 478 
BREAK-IN C3 
RETRO Cl, c2 


PN 2003200-021 


ECP 486 
BREAK-IN C6 
RETRO Cl, C2, C3, C4, CS 


PN 2003200-031 


ECP 452, 474, 485, 
501, 505, 511 
BREAK-IN C8 


PN 2003993-011 


ECP 518*, 631 
BREAKIN C12 
RETRO C-8 THRU C-11 


PN 2003993-021 


ECP 564", 604 

BREAK-IN C13 
RETRO C8 THRU C12 

WITH ECP 604 


DESCRIPTION 


Incorporation of plastic pads 
under tray A&B covers 
BREAK-IN C3 

RETROFIT Ci and C2 


Wiring change to accommodate 
auxillary memory unit 
BREAK-IN C8 


Addition of jumper wires in tray A 
BREAK-IN C3 
RETROFIT C1 and C2 


Random workmanship vibration 
BREAK-IN Cl 


Manufacture test connector 
jumpers to ground certain gate 
inputs 

BREAK-IN C8 


Paint exposed surfaces on mid-tray 
spacer 

BREAK-IN C3 

RETROFIT C1 and C2 


Redesign power supply to remove 
28 vde regulator 
BREAK-IN C8 


Cut pins on AGC power suppiy to 
remove 28 yde regulator 
BREAK-IN C8 

RETROFIT Cl thru CS 


Implementation of flight processing 
spec 
BREAK-IN C8 


Implementation of flight processing spec 
ND-1002341 and new diode 


Correction of computer noise SCAFAL 
problem 


Standby change on computer * 
BREAK-IN C12 
RETROFIT C1 thru C11 


Implementation of flat pack 
specifications ND 1002359A & 
ND 10023588 * 

BREAK-IN C13 


Incorporation of E-memory 
vibration pads 

BREAK-IN C13 

RETROFIT C1 THRU C12 


Replace RTV~-102 with RTV-109. 
ECP 631 should be incorporated 
in PN 2003993-031 and above. 
ECP 681 does not affect part 
number change. It may be include 
in other part number assemblies. 


PN2003993-031" 
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2003985 


2003985 


2003950 
(SN 28, 
30, 31 
only) 


2003994 


Table 3-IF. DSKY Compatibility (Sheet 1 of 2) 


DASH NUMBERS FOR PNGOISO0O 
SYSTEM SERIAL NUMBERS 


Required 

Compatible: as good or better than requirement. See ECP flow chart. 

Not as good as requirement, but can be used for testing. See ECP flow chart, 
CANNOT be used. 


TWAN¥W 
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Table 3-IF. DSKY Compatibility (Sheet 2 of 2) 


PN 2003985 


SEE NOTE 1 
BREAK-IN 202 
(INCLUDING "C" AND "D" 
DSKY DESIGNATIONS) 


PN 2003985-041 


SEE NOTE 2 
BREAK-IN 201, 601, 
602, 603 (EXCLUDE 202) 
(INCLUDING "'C" AND "D" 
DSKY DESIGNATIONS) 


PN 2003985-051 


ECP 641, 673 
RETRO S/N 13 


602 


(eile 


THRU al 


c8 


D3, D4, 


D7 & up ia ae 


NOTES: 


PN 2003985-061 


ECP 176, 291, 367, 470 
BREAK-IN Cl 
(INCLUDING "D" 
DSKY DESIGNATION) 


PN 2003950-011 


ECP 419, 476, 479, 
493, 494, 501, 505 
BREAK-IN D1 


PN 2003994-011 


ECP 641, 673 
BREAK-IN D30 
RETRO D3, D4, D7 
THRU D29 


PN 2003994-021 


1. Pottcd modules and housing change. 
No ECP number, 


O@-£ 


2. Housing change. 
No ECP number. 


DSKY Designation | Serial Number (S/N) 


D1 and 
subsequent 


ECP 641, 673 
RETRO S/N 28 & 30 


PN 2003950-031 


DsKY S/N CORRELATION CHART 


201, 202, 601 
thru 603 


8, 9, 11 thru 15, 
18, 25, and 26 


C1 thru C8 16*, 19*, 20*, 27%, 
28, 30, 31, 32*, 33* 
(*Configuration up- 
date no longer 
covered) 


84 and subsequent 
ECP DESCRIPTION 


DSKY module vibration 
BREAK-IN Cl 


DSKY alarm light redesign 
BREAK-IN Cl 


Addition of light duffusing paint 
to DSKY 
BREAK-IN Cl 


Indicator drive module relay 
replacement in DSKY 
BREAK-IN D1 


Random workmanship vibration 
BREAK-IN Cl 


Painting of alarm indicator face 
BREAK-IN D1 


DSKY teflon coated pushbutton 
shaft 
BREAK-IN D1 


Y-line feedback basc resistor 
BRE AK-IN D1 


DSKY wiring improvement 
BREAK-IN Di 


Implementation of flight 
processing spec ND-1002313 
BREAK-IN D1 


Implementation of flight processing 
spec ND-1002314 and new diode 
BREAK-IN D1 


Non-metallic materials modification 
for DSKY 

BREAK-IN D30 

RETRO D3, D4, D7 thru D29, 
S/N's 13, 28, and 30 


Redesign of DSKY pushbutton cap 
bousing assembly leaf spring 
BREAK-IN D30 

RETRO D3, D4, D7 thru D29, 
S/N's 13, 28, and 30 
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Table 3-IG. LGC Group Installation Kit Compatibility (Sbeet 1 of 2) 


OASH NUMBERS FOR PN60IGOOO 
COMPONENT PART SYSTEM SERIAL NUMBERS 
wumaer Lee 


6004000 


TVONVH 


NN 

iN 

NN 
ZvOLZOI-CN 


es Wr ds 


Ze 
5 6 oe 


——rr 


2 


en ay Hear 
anal 
ae 


am A eH 
Se ono 


Required per print 

Compatible: as good or better than print requirement. See ECP flow chart. 

Not as good as print requirement, but can be used for testing. See ECP flow chart. 
CANNOT be used. 
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Table 3-IG. LGC Group Installation Kit Compatibility (Sheet 2 of 2) 


PGNCS 
601 ee PN 6004000-000 
THRU 
603 
PN 6004000-011 
(class I change) 
ECP 558 
BREAK-IN 608 
RETRO 605 THRU 607 
PN 6004000-021 
= 
= 
= 
ECP 655 = 
RETRO 608 = 
ECP 655 2 
BREAK-IN 610 oS 
608 RETRO 605 THRU 607, = 
AND 609 mR 
=z 
Spt. ee aa PN 6004000-041 = 
a 
= 
i o 
= 
ECP 743 = 
BREAK-IN 611 = «| 
607, 609 ee  ————————E————— RETRO 607, 609, 610 =} 
AND UP “| = 
56 Ss 
® L PN 6004000-051 i 
5s a 
5 = 
= 


Replacement of LGC/LM 
mounting bolts and brackets 
BREAK-IN 608 

RETROFIT 605 THRU 607 


New LGC mounting bolts 
and spacers 

BREAK-IN 610 
RETROFIT 605 THRU 609 


New configuration of 
installation kit 
BREAK-IN 611 
RETROFIT 607, 609, 610 


TONY 
ChOLZOL-ON 


ry 
0 
1) 
& 
q 


Us~-e 
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Table 3-IH. Jumper Module (Aurora - PN 2021101) Compatibility 


iil PE 


* Can be used in slots B4, B5, and B6 of "pre C" computers or in slot B4 of "C" computers. 


2003076 


CAUTION: Do not use 2003076-011 module in slots B5 and B6 of "C" computers. Use of 
2003076-011 modules in these slots can damage the 'C" computers. 


Required 
c Compatible: as good or better than requirement. 


ae Not as good as requirement, but can be used for testing. 
CANNOT be used. 
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Table 3-IJ. Rope Module (Aurora Program Assembly) Compatibility 


OASH NUMBERS FOR PN6OIS000 


COMPONENT PART SYSTEM SERIAL NUMBERS 


Required 
Cc Compatible: as good or better than requirement. 


ay Not as good as requirement, but can be used for testing: 
NO CANNOT be used. 


Aurora Program 
Assembly Part 


Module Part Number and Location 


Number Module B4 Module B5 Module B6 
(See (See Notes (See Notes 
Note 1) 1 and 2) 1 and 2) 


2021101-011 2003053-061 | 2003053-071 | 2003053-081 | 2003076-021 | 2003076-021 2003076-021 
(Aurora 85) 
2021101-021 2003053-061 | 2003053-171 | 2003053-181 | 2003076-021 | 2003076-021 | 2003076-021 
or or or 
2003972-011 | 2003972-091 | 2003972-111 
003972-011 | 2003972-091 | 2003972-111 | 2003076-021 | 2003076-021 | 2003076-021 


NOTES: 1. Refer to table 3-IH for jumper module compatibility. 
2. Use of modules in slots B5 and Bé6 is optional. 


3. When 2021101-021 assembly contains all 2003972 configuration modules in slots Bi pz2, 
and B3, the set shall be identified as 2021101-031. 


{Aurora 38) 
(See Note 3) 


2021101-031 
(Aurora 88) 
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Table 3-IK. Nav Base Compatibility (Sheet 1 of 2) 


OASH NUMBERS FOR PNG6OIBD00 


6899950 
6899950 
6899950 
6899980 
6899980 


6899980 


Required per print 

Compatible: as good or better than print requirement. See ECP flow chart. 

Not as good as print requirement, but can be used for testing. See ECP flow chart. 
CANNOT be used. 
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Table 3-IK. Nav Base Compatibility (Sheet 2 of 2) 


PGNCS 
PN 6899950-011 
ECP 340 
STARTING WITH 603 
ECP 462 PN 6899980-011 
RETRO 601, 602 
PN 6899950-031 = 
= 
ECP 462 = 
BREAK-IN 606 = 
RETRO 601 THRU 605 = 
a 
ECP 359 PN 6899980-031 = 
RETRO 601, 602 S 
a 
Br S02 —--—— PN 6899950-021 ea 
= 
— 
ECP 359 oy 
BREAK-IN 607 = 
RETRO 601 THRU 606 = 
= 
603 & UP SS SS a SS SS PN 6899980-021 = 
2 = 
a = 
= 
2 oS 
= 
= 
= 
ECP DESCRIPTION = 
Nav base redesign 
STARTING WITH 603 
Replacement of IMU mounting holts 
BREAK-IN 607 
RETRO 601 thru 606 
Addition of ground strap to LM = 
nav base oo 
BREAK-IN 606 a, 
RETRO 601 thru 605 fo] 
RS 
z= 
¢ = Pe 
(=I —RO 


AG-€ 


GV *A0y 


6007200 


6010655 


Table 3-IL. PSA Compatibility (Sheet 1 of 2) 


Required per print 
Compatible: as good as or better than print requirement. See ECP flow chart. 


Not as good as print requirement, but can be used for testing. See ECP flow chart. 


CANNOT be used. 
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Table 3-13. Signal Conditioner Assembly Compatibility (Sheet 2 of 2) 


PN 6007010-013 
FLIGHT QUALIFYING 


PN 6007019-011 
OPERATIONAL 
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Table 3-IL, PSA Compatibility (Sheet 2 of 2) 


PGNCS 
601 


ECP 263 


& SPARES 


ECP 301 
602 ONLY 


PN 6010655-011 


ECP 461 
RETRO 602 


PN 6010655-021 


ECP 582, 622 
RETRO 602 


PN 6010655-031 


605 
and up 


DESCRIPTION 


G and N filter change 
BREAK-IN 601 


ECP 179, 217 
BRE AK-IN 601 


PN 6007200-011 


BREAK-IN 602 


PN 6007200-031 


ECP 316 
BREAK-IN 603 


PN 6007200-021 


ECP 388 
BREAK-IN 605 
RETRO 603, 604, SPARE 


PN 6007200-041 


ECP 461 
BREAK-IN 606 
RETRO 603 thru 605 
& SPARE 


PN 6007200-051 


ECP 618 , 622,631 
605 ONLY 


ECP 596, 622,631 
608 ONLY 


ECP 622, 631 
BREAK-IN 610 
RETRO 603, 606 
607, 609 


PN 6007200-071 
ECP 757 
RETRO 605 thru 618 
DESCRIPTION 


LM-2 modifications 
AFFECTS 608 ONLY 


W3ISAS 1OX1NOD CNY NOTLVOIAYN “JNVOING AYVWIYd 197 


=e} 
g Delete signal conditioner power LM-3 modifications 
3 supply assembly AFFECTS 605 ONLY 
re BREAK-IN 601 
Non-metallic materials 
New helicoil and screw flammability modification 
BREAK-IN 602 and spare for PSA 
BREAK-IN 610 
Thermal instrumentation RETROFIT 602, 603, 605 and up 
BREAK-IN 602 
Potting voids in header BREAK-IN Replace RTV-102 with RTV-109. 
603 ECP 631 should be incorporated 
in PN 6007200-071 and above. 
Corrosion and outgassing protection ECP 631 does not affect part 
BREAK-IN 605 number change. It may be 
RETROFIT 603, 604, spare 1 included in other part number 
assemblies. 
Change gimbal servo amplifier 
BREAK-IN 606 Design changes to correct LEM = 
RETROFIT 602 thru 605 PSA reverse power problem \—] 
“e RETROFIT 605 thru 618 — 
2 LTA-8 modifications i—] 
AFFECTS 602 ONLY z™ 
—T—) 
i 
* ZR 


oo 


X@-€ 


A *AaY 


6007010 


6007013 


Table 3-IM. Signal Conditioner Assembly Compatibility (Sheet 1 of 2) 


SYSTEM SERIAL NUMBERS 


Kequired per print 
Compatible: as good or better than print requirement. See ECP flow chart. 

Not as good as print requirement. but can be used for testing. See ECP flow chart. 
CANNOT be used. 

See note on sheet 2 of 2. 
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Table 3-IM. Signal Conditioner Assembly Compatibility (Sheet 2 of 2) 


PGNCS 
BOP 302 
PN 6007010-01 
ye an te rucin PN 6007013~011 
QUAL OPERATIONAL 
ECP 582, 624 
602 ONLY 
ECP 624 
RETRO 603* 
ECP 618, 624 
605 ONLY 
ECP 596, 624 
608 ONLY 
ECP 624 
602, 603* a & BREAK-IN 611 
605,608 PN) eger ono reek RETRO 606, 607, 609 
and 610 
606,607, 
6096 uP FH - - -oSooSTSSSTr PN 6007013-021 


ECP DESCRIPTION *NOTE: Retrofit of 


GEN 603 with 

302 Manufacture of Block Ii and LM ECP 624 is non- 
signal conditioner assemblies mandatory. 
BREAK-IN 601 


582 LTA-8 modifications 
AFFECTS 602 ONLY 


596 LM-2 modifications 
AFFECTS 608 ONLY 


618 LM-3 modifications 
AFFECTS 605 ONLY 


624 Non-metallic materials 
flammability modification for SCA 
BREAK-IN 611 
RETRO 602, 603*, 605 THRU 610 
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Table 3-IN. Signal Conditioner Assembly Installation Kit Compatibility (Sheet 1 of 2) = = 
= 1‘ 
* = 
r<) BS 
N = 
[—] 
> 
NS 
= 
a 
= 
7 
= 
= 
> 
z 
ao 
= 
co 
> 
= 
= 
ap 
= 
= 
= 
a 
> 
— 
> 
= 
> 
= 
i—J 
a 
Required per print = 
= Compatible: as good or better than print requirement. See ECP flow chart. S 
2 Not as good as print requirement, but can be used for testing. See ECP flow chart. = 
Z CANNOT be used. = 


ND-1021042 


e LEM PRIMARY GUIDANCE, NAVIGATION, AND CONTROL SYSTEM MANUAL 


Table 3-1. LEM PGNCS Components 


e ad a ad aa 


Nav base 6899950 Attached to LEM structure in unpres- 
6899980 surized compartment above astronauts! 
@ heads by means of nav base support. 


6007200 Mounted on coldplate on lower section 


6010655 of after crew compartment wall below 
CDU. 


Signal conditioner Attached to top of PSA. 
assembly (SCA) 


Flight qualitication G007010-011 


Ope rational 6007013-011 


(Sheet 3 of 3) 


Rev. D 3-2A/3-2B 


A PAW 


AVS-E/VVE-E 


Table 3-IN. Signal Conditioner Assembly Installation Kit Compatibility (Sheet 2 of 2) 


PGNCS 


601 
THRU 
605, 608 


606, 607, 
609 & UP 


PN 6007021 


INSTALLATION KIT FOR 
FLIGHT QUAL 
SIGNAL CONDITIONER 


PN 6007020 


INSTALLATION KIT 
FOR OPERATIONAL 
SIGNAL CONDITIONER 
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ND-1021042 


MANUAL 


LEM PRIMARY GUIDANCE, NAVIGATION, AND CONTROL SYSTEM 
a aed 


3-2 PGNCS INTERCONNECT HARNESS GROUP {LEM) 


The PGNCS interconnect harness group (composed of interconnect harnesses A 
and B) interconnects the components of the PGNCS and provides the electrical inter- 
face between the PGNCS and other LEM systems. The IMU and PTA are interconnected 
by harness B. Harness A interconnects the PSA, CDU, LGC, and signal conditioner. 
The two harnesses are connected to each other by vehicle cables. Table 3-I lists the 
harness connectors and the components or cable to which they are mated. Figure 3-14 
illustrates the PGNCS interconnect harness group, 


ND-1021042 


MARUAL LEM PRIMARY GUIDANCE, NAVIGATION, AND CONTROL SYSTEM 


a 


Table 3-11. PGNCS Harness Interconnections 


a0 on —a = 
{ PGNCS Harness Component Component 
| Connector Connector 
——— — ee = ——— 
| Harness A. | 
56P1 Signal conditioner 3071 | 
56P2 PSA 45J19 
56P3 CcbDU 40353 
56P4 LGc 05A1J1* 
56P5 LEM spacecraft harness J221 
56P6 LEM spacecraft harness 3220 
56P7 LEM spacecraft harness J219 
56P8 LEM spacecraft harness J222 
56P9 LEM spacecraft harness J218 
56P10 LEM spacecraft harness J217 
56P11 LEM spacecraft harness J223 
56P12 LEM spacecraft harness J224 
56P13 LEM spacecraft harness J215 
56P14 LEM spacecraft harness J216 
_Harness B 
56P15 LEM spacecraft harness 3226 
56P16 LEM spacecraft harness J227 
56P17 LEM spacecraft harness J228 
56P18 LEM spacecraft harness J225 
56P1S PTA 35A2d19 
56P20 IMU 35A1J2 
56P21 IMU 85A1J1 
5631 LEM spacecraft harness P230 
* May be designated A51 
soy Rev. M 
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3-3 NAVIGATION BASE ASSEMBLY 


The navigation base assembly (nav base), figure 3-2 and 3-2A, isa lightweight mount 
which supports, in critical alignment, the IMUandAOT, The nay base, constructed of one 
inch diameter, aluminum alloy tubing, weighs approximately three pounds. It consists 
of a center ring supporting four legs which extend from either side. The ring is ap- 
proximately 14 inches in diameter and each of the four legs is approximately ten inches 
long. The IMU is mounted to the ends of the four legs on one side of the ring. The 
AOT and the abort sensor assembly are mounted to the opposite ends of the legs. The 
nav base is bolted to the LEM structure above the astronauts! head by three mounting 
pads on the center ring. An electrical grounding strap is attached to the center ring 
and to the LEM structure when the nay base is installed in the LEM. 


3-4 INERTIAL MEASURING UNIT 


The IMU (figure 3-3) is a three gimbal system designed for movement of the LEM 
about ali axes of the gyro-stabilized inner gimbal (stable member). To provide light- 
weight, rigid construction, the stable member is machined from a beryllium block 
and the gimbals are constructed of an aluminum alloy. The weight of the IMU is 
approximately 42 pounds, and the gimbal case is approximately 12.5 inches in diameter. 


152468 


Figure 3-2. Navigation Base Assembly, P/N 6899950 
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Three Apollo II IRIG's hold the stable member ina stabilizedcondition. Accelera~ 
tions along any component of any of the three orthogonal axes of the stable member are 
sensed by one or more of the three 16 PIP accelerometers. Intergimbal assemblies 
physically support the gimbals and pass electrical signals between them. The tem- 
perature of the IMU is maintained at the desired level by a system of heaters, blowers, 
and coolant passages. The IMU is pressurized to aid in convection cooling. 


i7su 


Figure 3-2A. Navigation Base Assembly, P/N 6899980 
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8-4.1 STABLE MEMBER. The stable member, or inner gimbal, is suspended by two 
intergimbal assemblies inside the middle gimbal. Itisfree to rotate without restriction 
about the inner gimbal (IG) axis. Holes are machined in the beryllium block to receive 
the three Apollo II IRIG's and three 16 PIP's. Accelerometer preamplifiers, stable 
member heaters, temperature control circuitry and thermostats, a ducosyn trans- 
former, and two safety thermostats are all attached to the stable member. 
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Figure 3-3. Inertial Measuring Unit 
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3-4. 1.1 Gyroscopes. The three gyroscopes (gyros) on the stable member are Apollo I 
IRIG types. Figure 3-4 shows the location of the gyros on the stable member. 


Ducosyns are used for magnetic suspension of the gyro rotor and for signal and 
torque generation. The signal generator ducosyn is located at one end of the float; the 
torque generator ducosyn is located at the other end. 


The gyro wheel assembly operates as a hysteresis synchronous motor. The hub of 
the wheelis made of beryllium and the rimis made of heavy steel. This method of con- 
struction concentrates the weight at the rim, giving the wheel a high inertial moment. 


3-4.1.2 Accelerometers, The LEM IMU uses three 16 PIP devices for sensing acc- 
eleration. Figure 3-4 shows the orthogonal placement of the 16 PIP's on the stable 
member. The 16 PIP is basically a cylindrical float with a pendulous mass unbalance 
and is pivoted with respect to a case. Ducosyns are located at each end of the float for 
magnetic suspension and signal and torque generation. 


3-4.1.3 Stable Member Mounted Electronics. Table 3-III gives the locations and functions 
of electronics modules which are mounted in the IMU. 


3-4.2 MIDDLE GIMBAL. The middle gimbal is suspended by two intergimbal assem- 
blies inside the outer gimbal. It, inturn, supports the stable member. Slip ring assem— 
blies in the intergimbal assemblies provide a means of carrying electrical signals 
between the outer gimbal and the stable member. 


3-4.3 OUTER GIMBAL. The outer gimbalis similar in configuration to the middle gim~ 
bal, being suspendedinside the supporting gimbal, or case, by two intergimbal assem- 
blies. The outer gimbal has twothermostatically controlled axial-flow blowers mounted 
in its walls to force air from the vicinity of the middle gimbal to the walls of the case, 
where heat is carried away by a coolant solution circulating through passages in the 
case. 


3-4.4 SUPPORTING GIMBAL. The supporting gimbal (case) is a spherical enclosure 
which supports the three gimbals described in the preceding paragraphs. The outer 
gimbal is suspended inside the case by two intergimbal assemblies which allow com- 
plete freedom of rotation. The walls of the case contain coolant passages through which 
a water-glycol solutionis circulated to dissipate heat generated by inertial components 
and electronic modules. Two quick-disconnect fittings connect the coolant passages to 
the LEM coolant supply. The case is surrounded by insulating material to prevent con- 
densation of moisture on the coolant passages. 


Electrical interface between the IMU and the remainder of the PGNCS is accom- 
plished by two electrical connectors on the case. A precision resolver alignment as- 
sembly module and a blower control relay are mounted on the resolver inter-gimbal 
assembly of the outer gimbal. Their functions are described in table 3-llI. The resolver 
alignment assembly is accessible from outside the case. 
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Figure 3-4, IMU Stable Member 
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Table 3-IH. Locations and Functions of IMU Electronics 


Module or Component Part Number Location and Function 


Blower control module | 2007171 Stable member (SM): Removes powe: 

assembly e 
2007172 to request from blower control 
(system 603) thermostat. 


Blower control thermo-} 2018635 SM: Controls on-off action of blower 
stat and heater assem- | (system 601 and 602)| motors on outer gimbal. 
bly 2018825 

{system 603) 


Temperature control 2007064 SM: Applies power to gyro, accel- 
module assembly erometer, and stable member 
beaters in response to request from 
temperature control thermostat. 
Temperature control 2018637 SM: Controls operation of tempera- 
thermostat and heater ture control module to maintain 
assembly proper beat in inertial components. 


Stable member heater | 2018641 SM: Supplement heat generated by 
assembly (2) inertial component heaters. 


Safety thermostat (2) 1001485 SM: Disable all IMU heaters in the 
event of an extreme overbeat con- 
dition. 


Temperature alarm 2007170 SM: Signals LGC that an overbeat 
module assembly or underheat condition is present. 


Temperature alarm 2018636 SM: Controls operation of tempera- 
thermostat assembly (system 601 and 602)| ture alarm module assembly. 


Temperature alarm 2018823 SM: Controls high temperature over. 
thermostat and {system 603) heat condition and operation of tem- 
beater assembly (high) perature alarm module. 


Temperature alarm 2018824 SM: Controls low temperature under 
thermostat and (system 603) heat condition and operation of tem- 
beater assembly (low) perature alarm module. 


(Sheet 1 of 2) 
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Table 3-I. Locations and Functions of IMU Electronics 


Module or Component Part Number Location and Function 


2007019 


SM: Reduces 28 vac to 2 volts and 

4 volts for signal generator excitation 
of accelerometer and gyro ducosyns, 
respectively. 


Ducosyn transformer 
assembly 


2007060 
2021269 


SM: Amplifies signals generated by 
accelerometer signal generator. 

Also provides 45 degree phase sbift 
from reference voltage. 


PIP preamplifier 
assembly (3) 


2007001 Outer gimbal resolver intergimbal 
assembly: Compensates for design 
anomalies in intergimbal assembly 


resolvers. 


Precision resolver 
alignment assembly 


Blower control relay 1010353-10 Outer gimbal resolver intergimbal 
(system 601 and 602)}assembly: Applies power to blower 
1010353-13 motors at request of blower control 
(system 603) module assembly, 


(Sheet 2 of 2) 


3-4.5 INTERGIMBAL ASSEMBLIES. The intergimbal assemblies serve five basic 
purposes: the duplex ball bearings support the gimbal with a minimum of friction, the 
torque motor drives the gimbal in response to an error signal, the multispeed resolver 
furnishes signals which represent the angular disposition of the gimbal, the slip rings 
allow passing of electrical signals from the stable member to the external connectors, 
and the gyro error resolver {inner gimbal only} transforms gyro error signals into 
gimbal angle error signals. 


3-5 ALIGNMENT OPTICAL TELESCOPE 

The AOT (figure 3-5) is a manually operated, periscopic, optical instrument Io~ 
cated in the forward structure of the LEM. It is mounted on the nav base with the shaft 
axis parallel to the LEM X axis, and the upper portion of the shaft protruding from the 
top of the LEM. 


Physically, the AOT is an L-shaped structure formed by the perpendicular inter- 
section of two major assemblies. These assemblies are the telescope shaft and the 
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Figure 3-5. AOT Cutaway View 
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telescope eyepiece. The major assemblies are jointed by a horizontal flange joint at 
the base of the telescope shaft assembly. In general, structural components such as 
housings and mounts are machined beryllium, spacers are aluminum, and threaded 
parts that engage beryllium are made of corrosion resistant steel. On AOT 6011000- 
041 and above, a radar shield is mounted on the prism shield plate to keep light 
reflected by the rendezvous radar antenna from entering the AOT optical system. On 
AOT's 6011000-073 and -091, the prism shield and radar shield are removed and re- 
placed with the conical sunshade and radar shield assembly (1, figure 3-5) which is 
attached to the inner housing assembly. 


3-5.1 TELESCOPE SHAFT ASSEMBLY. The telescope shaft assembly Consists of a 
stationary outer housing assembly and a rotatable inner housing assembly. It contains 
the shaft positioning mechanism assembly, most of the AOT optics, and a prism shield. 


The inner housing assembly is bearing mounted within the outer housing assembly 
with the vertical axes of both assemblies coincident. This mounting permits the inner 
housing assembly to be rotated through 360 degrees about the shaft axis. Six detent 
positions are provided to lock the shaft at each 60 degrees of rotation. Orientation of 
the inner housing assembly is accomplished by manually turning the shaft positioning 
knob (figure 3~5A). By positioning the shaft, the head prism (mounted in a fixed posi- 
tion to the inner housing assembly) is positioned to the desired field of view or behind 
the protective prism shield, 


3-5.1.1 Outer Housing Assembly. The outer housing assembly is a beryllium cylinder 
approximately 27 inches long with a 3-inch bore diameter and a wall thickness of about 
9.100 inch. lt houses the shaft positioning mechanism and shaft bearings. The outer 
wall of the cylinder is flanged to accept the rubber pressure seal and flame guard 
bellows that interface with the outer wall ofthe LEM bulkhead. Four machined mounting 
pads, which are used to mount the AOT to the nav base, extend at right angles from the 
outer wall of the cylinder. 


3-5.1.1.1 Shaft Positioning Mechanism. The shaft positioning mechanism consists of 
a hexagon knob and bevel gear mounted on a common shaft with a pressure seal inter- 
posed between them, and a cantilevered detent disc spring with a ball bearing welded 
on the free end. The shaft positioning mechanism mates with a bevel gear and slotted 
detent mounted around the outer periphery of the inner housing assembly. The purpose 
of the shaft positioning mechanism is to provide a means of manually positioning the 
optics head prism, attached to the inner housing assembly, to each of three viewing 
positions and a fourth protective position. Each of the three viewing positions, left (L), 
forward (F), and right (R), are set 60 degrees from each other while the prism protec- 
tive position, closed (CL), ls set 180 degrees from the forward position. Two addi- 
tional positions, Lp and Rp, which are not used, are located at 60 degrees on either 
side of the CL position. A lock is provided at each position by the welded ball bearing 
as it slides into the 60 degree spaced grooves of the inner housing assembly slotted 
detent. For AOT's 6011000-073 and -091, the prism shield is removed and all six 
viewing positions are utilized. 


3-5,1,1.2 PrismShield. The prism shield is attached to the upper end of the outer 
housing assembly by two bolts on AOT's 6011000-081, 072, and below. All units above 
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Figure 3-5A. AOT Controls 


the 6011000-081 configuration utilize prism shields furnished us GSE. This provides 
the required protection against damage whenever the conical sunshade and radar 
shield assembly is not installed. The GSE prism shields, together with the transparent 
prism and head protection cover, comprise the AOT protective cover set, part number 
6014329. This unit primarily functions as a protective shield for the optics head 
prism against such hazards as micrometeorites, radiation, and dust. The prism shield 
also acts as part of a labyrinth seal that aids in reducing the evaporation of the shaft 
ball bearing lubricant. With the head prism facing the rear of the LEM, the shaft 
closed (CL) position, the prism is completely enclosed by the prism shield. A spacer 
is mounted hetween the prism shield and outer housing assembly. This spacer is 
machined to allow a clearance of only 0.0035 (0.0015) inch between the inner wall of the 
prism shield and the head prism mount. 
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3-5.1.2 Inner Housing Assembly. The inner housing assembly is a beryllium cylinder 
which is stepped externally to provide seating and retaining surfaces for the shaft ball 
bearings and internally for seating some of the shaft optics. A bevel gear and slotted 
detent, used in positioning the inner housing assembly in the previously described 
viewing and protective positions, is mounted about the lower periphery of the cylinder. 
Most of the AOT optics are contained within or mounted atop the inner housing assem- 
bly. The optics consist of the head prism, objective lenses, relay lenses, and two sets 
of light baffles. All of the optics are centrally aligned, axially located, and carried in 
azimuth rotation about the shaft axis with the cylinder. A special wave washer at the 
lower end of the shaft provides a predetermined load on the shaft ball bearings. 


3-5.1.2.1 Head Prism Housing Assembly. The head prism housing assembly, con- 
sists of the head prism, prism housing, and prism mount. It is mounted to the objec- 
tive lens housing assembly on top of the inner housing assembly. The prism housing 
and mount are machined beryllium and are held to each other by three bolts. The 
prism, which is inserted between the housing and mount at a 45 degree angle, is held 
firmly in place by the adjustable force of a leaf spring and epoxy. The leaf spring, lo- 
cated in a recess in the prism housing, is forced to bear down on the rear (hypotenuse) 
surface of the prism. A U-shaped element, extending upward from the prism mount 
along the lower face of the prism, acts as a forward retaining surface for the prism. 
The element also serves as an aperture defining the optics lower field of view. The 
purpose of the head prism housing assembly is to gather the impinging light rays of the 
60 degree field of view. The prism then refracts these rays through a circular pas~ 
sage in the prism mount, concentric with the optical centerline, to impinge on the first 
element of the objective lens housing assembly. 


3-5.1.2.2 Objective Lens Housing Assembly. The objective lens housing assembly, to 
which the head prism housing assembly is mounted, is mounted to the upper end of the 
inner housing assembly cylinder by six bolts. The assembly consists of two doublet 
lenses, the aspherical field lens, spacers, and retaining rings. The retaining rings 
hold these optics in radial and axial position. The purpose of the objective lens hous- 
ing assembly is to minify the light rays received from the head prism by 5 power, and 
focus these rays at the first focal plane of the AOT. The first focal plane is at the 
exit side of the aspheric field lens. 


$-5.1.2.3 Relay Lens Housing Assembly. The relay lens housing assembly is precisely 
positioned axially inside the stepped lower portion of the inner housing assembly cyl~ 
inder, The relay lens housing assembly is held in place by a spacer retained against 
the stepped inner surface of the cylinder above the assembly and below, by a long 
spacer and a threaded retainer which mates with the lower end of the cylinder. The 
assembly consists of two identical lens cells and a spacer held together by a threaded 
coupling ring. The lens cells are power matched and mutually focused. The purpose 
of the relay lens housing assembly is to collect the minified image light rays from the 
objective lens housing assembly and focus them at the second AOT focal plane. This 
focal plane is coincident with the telescope eyepiece assembly reticle in a vacuum 
environment for AOT 6011000-021 and above, and in an air environment for AOT 
6011000-000 and 6011000-011. 
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3-5.1.2.4 Conical Sunshade and Radar Shield Assembly. The conical sunshade and 
radar shield assembly is supplied for installation on AOT’s 6011000-073 and 60110Uu~ 
091. The assembly consists of sunshade and radar shield, clamps, shims, and attaching 
hardware (1, figure 3-5) for attachment to the inner housing assembly. The assembly 
is shipped and stored in its own shipping container for installation on the AOT after it 
has been installed on the spacecraft. The function of the assembly is to prevent stray 
light which is reflected off the skin of the spacecraft and other reflecting surfaces from 
entering the optics of the AOT. The assembly makes it possible for the astronaut to 
perform star sightings without having the reflected light blanking out the light emitted 
from the stars. 


8-5.2 TELESCOPE EYEPIECE ASSEMBLY. Mounted on the lower end of the tele- 
scope shaft assembly, the telescope eyepiece assembly is the reticle positioning, angle 
readout, and target-reticle image viewing portion of the AOT. The assembly consists 
of a mirror and window housing assembly, a worm and gear housing assembly, and a 
lens housing and eyeguard assembly. 


8~5.2,1 Mirror _and Window Housing Assembly. The mirror and window housing as- 
sembly is a beryllium, 90 degree elbow with two cylindrically flanged ends. It contains 
an image deflecting mirror andpressure sealing window. 


The mirror is machined from 1/2 inch beryllium, heat treated, nickel plated, 
aluminized, and optically polished. It is mounted in the elbow at 45 degrees to the 
horizontal eyepiece. This unit provides a means of diverting the target image from 
the vertical optical centerline of the shaft optics to the horizontal optical centerline 
of the eyepiece optics. 


The window is mounted in a packing ring which is seated in a groove inside the 
upper portion of the assembly. This unit acts as a seal between the upper AOT com- 
ponents, exposed to the environmental conditions outside the LEM, and the eyepiece 
optics. Having no optical qualities, the window transmits the target image without 
change from the relay lens housing assembly directly to the mirror. 


3-5.2.2 Worm and Gear Housing Assembly. The worm and gear housing assembly is 
a beryllium casing containing the reticle and counter drive gear mechanism. AOT 


reticle, and angle counter. This assembly is mounted to the pressurized end of the 
mirror and window housing assembly and serves as a mounting receptacle for the eye- 
piece lens assembly. 


The reticle and angle counter drive gear mechanism consists of a transverse 
worm shaft connected at one end to the angle counter and at the opposite end to the 
manually operated hexagon control knoh. On AOT 6011000-062 and above, the reticle 
positioning knob has been equipped with a drag mechanism to prevent free rotation of 
angle counter when hand is removed. (See figure 3-5A.) The worm shaft meshes with 
the reticle drive gear. This mechanism provides a means of manually positioning the 
reticle and transmitting that position to the counter where it is read out in terms of 
angular displacement. 


The counter is a continuous readout counter. The counter provides angular read- 
outs from 000.00 degrees to 359.99 degrees. The resolution of the counter is 0.01 
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degree (equivalent to +36 are seconds). To preclude the possibility of fogging and 
corrosion, AOT 6011000-062 and above include a hermetically sealed counter with 
wedge lighting for ease in viewing. 


The reticle is positioned at the second focal plane between two plano-plano (glass) 
discs. The reticle pattern is etched on the surface of one disc and covered hy the 
other disc for protection. The reticle discs are secured with epoxy in a cover ring 
which is then clamped at three points in the drive gear for planar adjustment. The 
reticle drive gear, mounted on ball hearings in the housing assembly, provides pre- 
cision positioning of the reticle in coincidence with the angle counter readout. 


In AOT 6011000-021 and above the reticle is positioned so it is in focus under 
vacuum conditions. The difference in indices of refraction for vacuum and air under 
normal conditions causes the target to focus at a plane that is not coincident with the 
reticle when the AOT is used in an earth environment. When in an earth environment, 
either target or reticle can he brought into focus with the eyepiece, but hoth cannot 
he brought into focus simultaneously. 


Ten miniature lamps are mounted about the periphery of the reticle to supply the 
reticle with edge lighting. For AOT 6011000-062 and above, the ten miniature lamps 
have been painted red to preclude false star indications caused by imperfections in the 
reticle. A star appears white, while reticle imperfections appear red. To preclude the 
possibility of fogging because of the presence of moisture and low temperatures, 
AOT 6011000-021 and above include an electrical heater on the eyepiece assembly. 
On AOT's 6011000-081 and above, a heater protective cover and reticle lamp pro- 
tective cover have been installed. 


3-5.2.3 Lens Housing and Eyeguard Assembly. The lens housing and eyeguard assem- 
bly is a beryllium cylinder containing the eyepiece lens assembly and focusing mecha- 
nism, and a rotatable rubber eyeguard. The assembly is inserted into and attached to 
the worm and gear housing assembly. This assembly is the image exit portion of the 
AOT, 


The eyepiece lens assembly consists of three lens doublets of 5 power. This 
power is matched to the objective lens power providing an image exit power of unity. 
The eyepiece lenses are contained in a cylindrical aluminum adapter that is attached 
to the movable focus control handle. The aluminum adapter moves the eyepiece lenses 
axially in the housing when driven by the manually operated focus contro] handle. It 
thus focuses the viewed image to the exit pupil. The focus control handle protrudes 
from a helical slot in the lens housing. In AOT 6011000-021 and above, a focus adjust- 
ment cam lock (located below and to the left of the eyepiece) can be swiveled, rotating 
a cam to lock the focus adjustment in a selected position. When the handle is returned 
to the in-line position, the cam lock is released. 


A rotatable eyeguard is fastened to the end of the eyepiece lens assembly. lt is 
made of non-toxic synthetic rubber and is axially adjustable for head position. The 
adjustment allows for differences in facial contours. The rotatable eyeguard is used 
when the astronaut takes sightings through the AOT with his face mask opened. 
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A fixed eyeguard is cemented to the image exit end of the long eye relief (LER) 
eyepiece lens assembly (figure 3-5B) in AOT 6011000-041 and above. It is made of 
non-toxic synthetic rubber in an annular shape. The rotatable eyeguard is removed 
from the AOT when the astronaut takes sightings with his face mask closed. During 
these sightings, the fixed eyeguard prevents marring of the face mask when pressed 
against the eyepiece lens assembly. 


LER EYEPIECE LENS 
ASSEMBLY = 


FIXEO EYEGUARO 


ROTATABLE 
EYEGUARO 


Figure 3-5B. AOT Eyeguard Assemblies 


42650 


3-5,2.4 AOT High Density Filter Assembly. The AOT high density filter assembly 
(figure 3-5C) is supplied as a piece of auxiliary equipment to be used in the Apollo 


mission. The assembly consists of a retainer assembly and high density filter. The 
retainer assembly contains two lever assemblies mounted on a flexible pivot. The 
lever assemblies grip the threaded portion of the fixed eyeguard when installed in 
place of the rotatable eyeguard. (See figure 3-5B.) The function of the assembly is to 
prevent damage to the astronauts eyes by accidental direct viewing of the sun. 
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Figure 3-5C. AOT High Density Filter Assembly 
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3-6 COMPUTER CONTROL AND RETICLE DIMMER ASSEMBLY 


The computer control and reticle dimmer assembly (CCRD) (figure 3-6) provides 
the astronaut the capability of adjusting the brightness of the AOT reticle lamps when 
taking a star sighting and of marking his target with a MARK-X or MARK-Y push- 
button to obtain the optical angular measurements. The CCRD is approximately 
3-3/8 inches high, 4-3/8 inches wide, and 2-1/2 inches deep and weighs approximately 
three pounds. The CCRD is mounted by means of a bracket to the right side of the 
AOT eyepiece assembly on PGNCS systems P/N 6015000-041and below. The CCRDis 


mounted on the spacecraft AOT guard assembly on PGNCS systems P/N 6015000-051 
and above. 


Two momentary pushbutton switches, MARK-X and MARK-Y, are used to send 
discrete signals to the LGC to indicate the time a star crosses the X or Y line on the 
AOT reticle. A third pushbutton, REJECT, is used to notify the LGC that the previ- 
ously transmitted mark discrete was incorrect. The pushbuttons are illuminated by a 
lighting panel consisting of two electro-luminescent lamps. 


The reticle dimming circuit consists of a thumbwheel controlled potentiometer 
which protrudes from the side of the CCRD, two diodes, a control transistor, and a 
transformer. 


The CCRD has two electrical connectors: J1 which mates with the AOT harness 
and P1 which connects to the LEM harness. 
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Figure 3-6, Coniputer Control and Reticle Dimmer 


3-12F Rey. V 


LEM PRIMARY GUIDANCE, NAVIGATION, ANO CONTROL SYSTEM 


ND-1021042 


MANUAL 


CONNECTOR I (MAY BE DESIGNATED ASI) 


CONNECTOR AGS 


POWER SUPPLY MODULE A30-31 


POWER SUPPLY MODULE A30-31 


INTERFACE MODULE A27-29 


INTERFACE MODULE A27-29 


(INTERFACE MODULE A27-29 
INTERFACE MODULE A25-26 
INTERFACE MODULE A25-26 


LOGIC MODULE AIS 
LOGIC MODULE Al4 
LOGIC MODULE A13 
LOGIC MODULE Al2 


LOGIC MODULE A24 
LOGIC MOOULE A23 
LOGIC MOOULE A22 
LOGIC MOOULE A2} 


LOGIC MODULE A8-I) 
LOGIC MODULE Aa-I1 
LOGIC MODULE A8-11 
1 LOGIC MODULE AS4I 


LOGIC MODULE A7 
LOGIC MODULE AG 


LOGIC MODULE AS 


\ 
LOGIC MOOULE A20 | | 
LOGIC MOOULE A19 | LOGIC MODULE A4 
LOGIC MOOULE Als | \ LOGIC MODULE A3 
LOGIC MOOULE AI7 | / LOGIC MODULE A2 
{ LOGIC MOOULE AI6 | \_Locic MoouLE Al | 


CONNECTOR 432 


CONNECTOR A6i 


CONNECTOR A62 406980 


Figure 3-10. Logic Tray A 


3-9.1 LOGIC TRAY A. The logic tray A assembly (figure 3-10) contains 31 modules: 
24 logic, 5 interface, and 2 power suppiy moduies. All modules are mounted on the 
tray and then potted with a silastic compound for LGC, part number 2003100, and with 
a foam for LGC part numbers 2003200 and 2003993, Tabie 3-VIA gives the part num- 
ber, function, and location of ali modules in logic tray A, 


The logic tray A assembly has three intertray connectors (A61, A62, and A63) and 
two intersystem connectors on the rear. The 360 pin rear connector, J1, connects 
the LGC to the main 28 vde power source, to the DSKY, to other components of the 
PGNCS, and to other LEM systems, The144pin rear connector, A52, provides inter~ 
face with ground support equipment for LGC testing. 


LGC's modified by ECP 518 and containing tray A, part number 2003092-041, 
have wires removed that were used for inhibiting signals STRT1, STRT2, and ALGA; 


however, the capability for inhibiting STRT1 and ALGA stili exists in the GSE. 


3-9.2 TRAY B. The tray B assembly (figure 3-11) contains 17 modules, including 6 
rope modules. Eieven moduies are potted into the tray in a manner similar to that in 
logic tray A; the six rope moduies are plug-in units iocated at the front of the LGC. 
The tray B assembly has three intertray connectors (B61, B62, and B63) which inter- 


face with those on the logic tray A assembly. 


Tabie 3~VIA-1 gives the partnumber, 


function, and location of all modules in logic tray B. 
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Figure 4-90. Subinstruction BZMFO with Negative Quantity, Data Transfer Diagram 
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Figure 4-91. Subinstruction BZMF0 with Implied Address Code EXTEND, 
Data Transfer Diagram © 
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Figure 4-92, Subinstruction MP0 with Two Positive Numbers, Data Transfer Diagram 
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Negative Number in E, Data Transfer Diagram 
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Figure 4-94. Subinstruction MPO with Negative Number in A and 
Positive Number in E, Data Transfer Diagram 


4-181 


ND-1021042 
MAN 


UAL LEM PRIMARY GUIDANCE, NAVIGATION, AND CONTROL SYSTEM r) 


FM 
=M 


G 170521 wG gocccc0 fears ry 
Gr) 


B (7oS20 WB §165432 fa 012345 WE PIT7775 aad 4B 000002 
ft? eee 
sll 
A RA Gizse8) wa ¥000000 
L 001700 aie 


° RSC e 


} 
be 7 
Z jooes34 Aste Aze 


--— 


! 
! 


Ee 
* 


006534 RUS 000002 


wy i 


wy #000000 


cr | eo 


006533 


170 
1 2 3 4 5 6 ti 6 C fo " 2 
ASC IS TSGN FIXEO TSGN2 TSGN SETS 
COUNTER INHIBITEO SETS MEMORY SETS C(OR)* Ox 
S BY ADDRESS CIBR}+1x STROBE IS C(BRI«t1 STI SETS 
TO O00 O52! INS INHIBITED STAGE 
BY ADDRESS COUNTER TO e 
O521 INS 001. NEACON 
INHIBITS ENO 
AROUNO 
CARRY 
774 


Figure 4-95. Subinstruction MP0 with Two Negative Numbers, Data Transfer Diagram s 
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Figure 4-96, Subinstruction MP1, Data Transfer Diagram 
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Figure 4-97, Subinstruction MP3, Data Transfer Diagram 
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Figure 4-98, Subinstruction MP3 with Implied Address Code EXTEND, 
Data Transfer Diagram 
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Figure 4-99. Subinstruction GOJ1, Data Transfer Diagram 
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Figure 4-100. Subinstruction PINC, Data Transfer Diagram 
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Figure 4-101. Subinstruction MINC, Data Transfer Diagram 
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Figure 4-102, Subinstruction DINC with Positive Quantity, Data Transfer Diagram 
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Figure 4-103. Subinstruction DINC with Plus Zero, Data Transfer Diagram 
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Figure 4-104. Subinstruction DINC with Negative Quantity, Data Transfer Diagram 
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Figure 4-105. Subinstruction DINC with Minus Zero, Data Transfer Diagram 
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Figure 4-106. Subinstruction PCDU, Data Transfer Diagram 
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Figure 4-107. Subinstruction MCDU, Data Transfer Diagram 
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® Figure 4-108. Subiastruction SHINC, Data Transfer Diagram 
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Figure 4-111. Subinstruction FETCHO, Data Transfer Diagram 
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Figure 4-113. Subinstruction STOREO, Data Transfer Diagram 
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Figure 4-114. Subinstruction STORE1, Data Transfer Diagram 
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Figure 4-115. Subinstruction INOTRD, Data Transfer Diagram 
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4-5.3 TIMER. The timer generates all timing functions required for operation of the 
computer. in addition, the timeris the primary source of all timing and sync signals for 
all the spacecraft systems. 


4~5.3.1 Timer Functional! Deseription. Timer operation contains the functional areas 
indicated in figure 4-117. These functional areas include the oscillator, clock 
divider logic, scaler, time pulse generator, and the syne andtiming logic. The 
oscillator is a crystal controlled, modified Pierce oscillator design that generates a 
source frequency of 2.048 mc for the clook divider logic. Temperature compensated 
components in the oscillator circuit maintain a high degree of stability and assure 
an extremely accurate output frequency to the clock divider logic. 


The clock divider logio is further subdivided into the main clock divider, ring 
counter, and strobe pulse generator. The 2.048 me input from the oscillator is 
applied to the main clock divider. The main clock divider divides the input frequency 
by two and generates the following outputs: clear, write, and read control pulses 
(CT, WT, RT) which are applied to the central processor to produce the signals 
necessary toclear, write into, and read out the flip-flop registers; 1.024 mc gating pulses 
(PHS2, PRS3, PHS4, OVESTB, TT) which are used throughout the computer; the master 
clock signal (CLK), a 1.024 mc output used to synchronize the other spacecraft systems; 
and signal Q2A whieh is applied to the oscillator alarm circuit in the power supply to 
indicate oscillator activity. In addition, the main clock divider supplies signals 
(RING"A and RING B) to drive the ring counter, and signals (EVNSET and ODDSET) to 
the time pulse generator. These latter outputs occur at a 512 ke rate, a result 
of further division of the 1.024 me gating rate within the main cloek divider. 


The ring counter generates outputs (P01 through P05) at a 102.4 ke rate. The 
outputs are 5 mierosecond pulses used for gating and for deriving other timing functions 
in the computer. Ring counter outputs are also usedto derive the strobe pulses (SBO, SB1, 
5B2, SB4) from the strobe pulse generator. These outputs also occur at a 102.4 ke 
rate and are 3 microseconds in width with the exception of SB4, which is a 2 miero~ 
second pulse. 


The scaler consists of 33 identical divider stages. The stages are cascaded so 
that the frequency division is suecessive. The first stage, drivenby signal P01 
from the ring eounter, generates outputs at a rate of one-half the input or 51.2 ke. 
This output and the remaining outputs through stage 17 (0.78125 pps) are used for 
timing and gating. The outputs appear as Signal outputs from flip-flop circuits (FS01, 
etc.), and 10 microsecond pulse outputs (F01A, etc.) at the same frequency as the 
associated stage. Stages 6 through 19 and 20 through 33 form a 28 bit real time word 
(CHATO1 through CHAT14, CHBTO1 through CHBT14) which indicates time intervals up 
to 23.3 hours. 


The_time pulse generator, consisting of 12 flip-flop circuits, generates timing 
pulses TO] through T12. This sequence of timing pulses defines one MCT within the 
LGC, or a period of 11.97 microseconds, in whioh word flow takes place. The time 
pulse generator is driven by inputs (EVNSET and ODDSET) from the main clock divider. 


4~204 Rev. F 


ND-1021042 


LEM PRIMARY GUIDANCE, NAVIGATION, AND CONTROL SYSTEM MANUAL 


saSNMBEATSGE 


CLOCK DIVIDER LOGIC 


CT) cLear, WRITE, ANO 
wr REAOQ CONTROL 
aT 


PULSES 
INPUT-OUTPUT 
GATING ANO 
ECALER STROBE SIGNALS 
PHS2 1 
wees Ae PULSE QUTPUTS 
PHSS TROBE PULSE OGRAM 
pa No aakc SUE TIMING TIME COUNTERS 


Logic 


GATING PULSES 
COMPUTER END OSKY 


RING COUNTER POWER SUPPLY 


Se 


malt spo INPUTS 
2,040MC 
OSCILLATOR oivioeg u STROBE sai | loz axe SYNC SIGNALS 
Logic PULSE GATING 
cur > cuaen'td space GENERATOR SB2)) PULSES EXTERNAL SYSTEMS 
GRAFT SYSTEMS spa SYNC SIGNALS 
TO OSCILLATOR Sas 
2h} ALARM CIRCUIT 
Po! 
Po2 
6 loz 4K 
sToP eee POS > GATING 
{FROM PRIORITY ¢ poa| PULSES 
CONTROL) 
Pos 
$12 Ke GATING 
PULSES 
IGNAL 
FSOI-FS3S ? GUTPUTS 
TIMING PULSES 
(ONE MEMORY FOIA-F33A 
' CYCLE TIME- FOIB- F33B 
PULSE 
TIME 11.97 usec) POL < 
PULSE SCALER Folc, Fo7c OUTPUTS 
Renee tee 2 FOIO, FOS0, FOS0 
cHarol-cHares | REAL 
eee CHBTOI-cHBTI4{ WORD 


160824 


Figure 4-117. Timer, Functional Diagram 


Rev. F 4-205/4-206 


ND-1021042 


LEM PRIMARY GUIDANCE, NAVIGATION, ANO CONTROL SYSTEM MANUAL 


Signal ODDSET can be inhibited by signal STOP from priority control. Signal STOP, 
an input from the CTS during preinstallation system and subsystem tests, inhibits the 
time pulses from being generated thus preventing word flow inthecomputer. This feature 
allows individual memory cycle times to be observed during tests. 


The syne and timing logic consists of a gating complex which generates various 
outputs foruse within the computer, and synchronization signals for systems external to 
the computer. The inputs to, andoutputs from, this section are extensive, and are grouped 
by function in figure 4-117. 


The ring counter, strobe pulse generator, and the scaler supply inputs to the sync 
and timing logic. These inputs are used to derive gating and strobe signals for the 
input and output channels, pulse outputs for the program time counters in memory, and 
synchronization signals for the computer and DSKY power supplies andfor systems ex~ 
ternal to the computer. 


During standby operation, the oscillator, clock divider logic, and the scaler 
are operative and generate the signals associated with these functional areas. However, 
the significant outputs during this mode of operation are the real time word from the 
scaler and the synchronization signals to theotherspacecraftsystems. The real time 
word Continues to be accumulated during standby, and the external systems synchro- 
nization signals continue to be generated. 


4-5.3.2 Oscillator Detailed Description. The computer oscillator (figure 4-118) 
generates a master clock frequency of 2.048 me. The basic oscillator circuit, 


consisting of crystal Y1, and transistor Q1 and associated components, is a modified 
Pierce oscillator design. Variable inductor L1, in series with the crystal, compensates 
for frequency drift due to component aging. The crystal output is amplified by tran-- 
sistor @1, which operates as a class A amplifier that drives buffer stage Q2. The 
sinusoidal output of stage Q2 is applied to pulse shaper Q3 and, through capacitor C7, 
to adc feedback network. The output ofthe feedback network controls the peak-to-peak 
output level of stage Qi. The resultant 2.048 mc square wave output of stage Q3 is 
amplified by output stage Q4, and is applied to the clock divider logic. 


The collector supply voltage for stages Q1 and Q2 is obtained from the +14 volt 
output (B PLUS) of the power supply. This voltage is applied through resistor R5 and 
is regulated by zener diode CRi (rated at 9 volts). The +4 volt power supply output is 
furnished directly as the collector supply for stages Q3 and Q4. 


Two resistor networks (R4, R6, R10, R9, Ri2 and R2, R3, R7, R8, R11), in conjunc- 
tion with thermistors RT1, RT2, and RT3 and varicap CR2, comprise the temperature 
compensation network which improves the stability ofthe computeroscillator. The regu- 
lated output voltage of diode CR1 is applied across the two resistornetworks, the outputs of 
which are applied across varicap CR2. ‘The varicap is a reverse~biased diode that 
introduces capacitance into the circuit. Any changes in temperature cause a corre- 
sponding change in the reverse bias across the varicap thus varying the effective capa- 
citance in series with crystal Y1, which is also affected by the change in temperature. 
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Figure 4-118. Computer Oscillator, 
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4-5.3.3 Clock Divider Logic Detailed Description. The clock divider logic consists 


of the main clock divider, ring counter, and strobe pulse generator. The main clock 
divider (figure 4-119, sheet 1) generates outputs at the basic clock rate of the system, 
1.024 me. In addition, 512 ke outputs drive the ring counter and the time pulse gen- 
erator. The 2,048 mc CLOCK input from the oscillator is applied to the first 
main clock divider circuit consisting of gates 37101 through 37106. Gates 37101 
througb 37104 are interconnected in a manner similar to the basic flip-flop 
circuit of the LGC. Gates 37105 and 37106 function as a flip-flop; however, gates 
37101 tbrough 37104 do not. Tbe waveforms in figure 4-119 indicate that an output 
occurs from only one of the four gates at each positive and negative transition of the 
clock input. The other three gates remain in ZERO state. Unlike a flip-flop, in 
whicb one side is ZERO while the other side is a ONE and vice-versa, this circuit 
resembles a ring counter. The outputs of these four gates (37101 through 37104) are 
used to derive the clear control signal (Cy read control signal (RT), and the three 
1,024 mc gating pulses (PHS2, PHS3, and PHS4) which are 0.25 microseconds wide. 


The outputs from gates 37102 and 37103 drive FF37105-37106, which is alter~ 
nately set and reset at 1.024 me rate. The write control signal (WT) andthe 1.024mc 
master clock (CLK) signal to the spacecraft systems are derived from this flip-flop output. 
Any failure of the computer oscillator would be most directly indicated by the output of 
the first main clock divider circuit. Thus, signal @Q2A is applied to the oscillator 
alarm circuit in the power supply to indicate oscillator activity. The output 
is from an extended NOR gate which has its collector load in the alarm circuit. Figure 
4-119 illustrates the timing relationship between the clear and write control signals. 
Tbe 0.25 microsecond clear pulse is coincident with the first 1/4 microsecond of the 
0.5 microsecond write control signal. The readcontrol signal is 0.75 microsecond wide. 
All three of these control signal outputs are applied to the central processor for clear- 
ing, writing into, and reading out of the flip-flop registers. The clear pulse (CT) is 
used also to derive the overflow strobe signal (OVFSTB), 21,024 mc gating signal. 
This output is shown wider than the clear pulse since some propagation delay undoubt~ 
edly exists to stretch this pulse slightly beyond 0.25 microsecond before FF37148- 
37149 resets. 


The inverted output of gate 37101 drives the second main clock divider circuit 
which consists of gates 37111 through 37114 and FF37117~37118. Outputs from this 
circuit drive the ring counter (RING A, RINGB) and the time pulse generator (ODDSET, 
EVNSET). The outputs occur at a 512 ke rate, and are 90 degrees out of phase with 
each other (see figure 4-119). This main clock divider circuit is identical in operation 
to the first main clock divider circuit. Eachof the gates 37111 through 37114 generates 
in succession an output on each transition of the output of gate 37107. Output pulses 
from gates 37112 and 37113 alternately set and reset FF37117-37118. No output 
ene are derived from this flip-flop. The outputs to drive the ring counter and the 
time pulse generator are obtained from gates 37111 and 37114. Signals RING A and 
ODDSET from 37111 occur ccur coincidentally, and RING B and EVNSET from 37114 occur 
coincidentally. Signal ODDSET, applied to the time pulse generator, can be inhibited 
by input STOP from priority control, which prevents any outputs from the time pulse 
generator and subsequently inhibits word flow in the computer. This feature can be 
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Figure 4-119. Clock Divider Logic 
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employed during pre~installation system and subystem tests as a result of a monitor 
stop (MSTP) input from the CTS. 


The ring counter (figure 4-119, sheet 2) consists of five flip-flop circuits with 
outputs labeled P01 through POS (and POL through P05). The ring counter is driven 
by inputs (RING A and RING B) from the main clock divider. Each of these inputs, 
described previously, occurs at a 512 ke rate. The ring counter does not accomplish 
a division-by-two. Rather, the division by the fives stages results in five symmetrical 
outputs, each at a rate of 102.4 ke and 5 microseconds in width. Successive outputs 
occur 1 microsecond apart; for example, P02 occurs 1 microsecond after P01 etc. 


Strobe pulses SBO, SB1, SB2, and SB4 are generated by signals P02 through POS 
(and complements) from the ring counter. These strobes are 3 microsecond pulses 
occurring also at a rate of 102.4 ke, (with the exception of SB4 which is 2 microseconds 
wide). Strobe signals SBO, SB1, and SB2 are inverted by gates on module A24 (see 
figure 4-119). 


4-5.3.4 Sealer Detailed Description. The scaler, figure 4~120, consists of 33 identical 
divider stages. The stages are cascaded to provide successive frequency division of 
the input to the scaler. Stage 2 runs at half the rate of stage 1, stage 3 at half the rate 
of stage 2, etc. Each of these stages is identical in operation to the main Clock divider 
circuit in the clock divider logic. The input to the scaler, signal P01 from the ring 
counter, occurs at a rate of 102.4 ke. It is applied to stage 1 located on module A2 
(the remaining stages of the scaler are located on module Al). Stage 1 divides this 
input by two and generates outputs at a rate of 51.2kc. There are five outputs avail- 
able from stage 1): four pulse outputs (F01A through F01D) from the input gates (37221 
through 37224), and one flip-flop output (FF37225~37226). 

The pulse outputs of stage 1 are 5 microseconds wide. The period of the flip- 
flop output is approximately 20 microseconds; since the output waveform is symmetri- 
cal, the transitions are 10 microseconds apart. The output of the stage 1 flip-flop is 
the input to stage 2 of the scaler. Stage 2 divides the input by two and generates outputs 
at a rate of 25.6 ke. Three outputs are available from stage 2: two pulse outputs 
(F02A, F02B), and the flip-flop output (FS02). The pulse outputs of this stage and all 
subsequent stages of the scaler, regardless of frequency, are 10 microseconds wide. 
This width is established by the 10 microsecond input from stage 1 to stage 2 and the 
fact that a pulse output, not the flip-flop output, feeds stage 3 (F02A). The same is 
true of the output from stage 3 to stage 4 (F03A) and of the succeeding scaler stages. 


Figure 4-121 illustrates the output waveforms from stages 1 and 2 of the scaler. 
The outputs from stage 2 are typical of the outputs from the remaining stages of the 
sealer, with the exception of stages 5, 7, and 9. Stages 5 and 9 have one additional 
pulse output (F05D, FO9D) and stage 7 two additional pulse outputs (FO7C, F07D). 
These outputs are generated by gates on module A24 as indicated in figure 4-120. 


Most of the pulse outputs designated A and B, which are positive going, are in~ 
verted by gates contained in other modules. These gates, and the modules in which 
they are located, are also illustrated in figure 4~120. 
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Figure 4-121. Scaler Waveforms (Sheet 1 of 3) 
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The outputs from stages 1 through 17, at rates from 51.2 kpps to 0.78125 pps, 
are primarily used to derive timing, synchronization, and gating signals for the LGC 
and other systems. Table 4-VII lists the frequency, period, and polarity of the 
outputs of these stages. 


The output of stages 6 through 33 provides an indication of real time in the form 
of two 14 bit words addressable as two channels that are similar to the channels of the 
input-output section of the LGC. Stages 6 through 19 provide the 14 bit word to the low 
order channel CHATO1 through CHAT14, while stages 20 through 33 provide the 14 bit 
word to the high order channel CHBT0i through CHBT14. The two channels together 
indicate time intervals up to 23.3 hours, in 624 microsecond increments. Both words 
are formed by the flip-flop outputs of the respective stages, gated by a read channel 
signal (RCHAT or RCHBT). Read signal RCHAT, generated under program control as 
a function of octal address 0004, causes the low order bits (stages 6 through 19) to 
be placed on the write lines in the central processor; read signal RCHBT, generated 
under program control as a function of address 0003, causes the high order bits 
(stages 20 through 33) to be placed on the write lines. 


4-5.3.5 Time Pulse Generator Detailed Description. The time pulse generator, con- 
sisting of twelve flip-flop circuits, generates timing pulse outputs TO1 through T12. 
This sequence of pulse outputs defines one MCT within the computer and occupies an 
interval of exactly 11.97 microseconds, or approximately 12 microseconds. Within this 
interval, access to memory and word flow take place within the computer. 


Each of the timing pulses is generated by an associated flip-flop circuit shown in 
figure 4-122. The odd numbered outputs (TOI, etc.) are gated by signal ODDSET from 
the clock divider logic; the even numbered outputs (T02, etc.) are gated by signal 
EVNSET. Only one pulse output occurs at one time. Consider an initial condition 
in which signal T12 SET is generated. This signal occurs after timing pulses T01 
through Til have all been generated. The set output of flip-flops TOI through Tit 
are ORed through gates 37355, 37356, 37357, and_37358. When all these inputs are 
ZERO, output T12 SET is a ONE (coincident with EVNSET) and sets the T12 flip-flop 
(FF37302-37303). The flip-flop reset output is gated by signal EVNSET generating 
signals T12 and T12. Signal MT12 is made available to the CTS when this unit monitors 
the LGC during tests. When signal ODDSET occurs (0.97 microsecond later), the T01 
flip-flop (FF37305-37306) is set by the output of gate 37304. As this flip-flop sets, 
the output is fed back to reset the T12 flip-flop. Simultaneously, signal ODDSET gates 
the flip-flop reset output generating signals T01 and TO1. Signal EVNSET occurs 
0.97 microsecond after OBDSET and the T02 flip-flop sets, which in turn resets the 
T01 flip-flop. 


The remaining timing pulses are generated in this manner except for the T12 
output. Since T12 is generated as afunctionof the T12 SET signal, there is no feedback 
from the T12 flip-flop to reset the T11 flip-flop. The T11 flip-flop is set when output 
Tio and ODDSET are coincident, and reset when signal EVNSET is coincident with the 
set output (now logic ZERO) of the T10 flip-flop. 
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Table 4-VIII. Scaler Outputs (Stages 1-17) 


® Frequency Pulse Polarity | 


FS01, FSO1 51.2 kpps Loy - 
FOIA, F01B, FO1C, F01D Positive 

@ FS02, FS02A 25.6 kpps = 
F02A, F02B Positive 
FS03, FSO3A = 
FO3A, FO3B 12.8 kpps 78.0 usec. Positive 
F03B Negative 
FS04, FSO4A = 
FO4A, FO4B 6.4 kpps 156 usec. Positive 
FO4B Negative 

é FS05, FS05, FSOSA = 
FOSA, FOSB, FOSD 3,2 kpps 312 Usec. Positive 
FOoA, FO5B Negative 


1.6 kpps 624 usec. Positive 
Negative 

F FS07, FSO7A i = 
FO7A, FO7B 800 pps Positive 
FO7A, FO7B, FO7C, FO7D Negative 


400 pps 2.5 msec. Positive 
Negative 
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Tabie 4-VIi1l. Seaier Outputs (Stages 1- Ss sel 
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Figure 4-122, Time Pulse 
2 Generator Logic 
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The waveforms for the time pulse generator are shown in figure 4-123. Inputs 
ODDSET and EVNSET each occur at a 512 kpps rate, but are 90 degrees out of phase 
with each other. Consequently, even though the driving inputs are 0,75 microsecond 
wide, the effective drive rate of both inputs combined is twice the rate of the input. 
The period between each ODDSET and EVNSET pulse is 0.97 microsecond. However, 
time pulse outputs T01 through T12 are 0.75 microsecond wide. 


Signal GOJAM forces the time pulse generator to indicate T12 time by resetting 
the Tl through T11 flip-flops, and setting the T12 flip-flop. Forcing the time pulse 
generator in this manner enables the cycling to be restarted beginning with T01, after 
a condition occurs which initiated GOJAM, 


Additional drive for several of the timing pulse outputs is provided by gates lo- 
cated on modules A2, A3, A12, and A24, These gates are illustrated in figure 4-122. 
Tbe outputs (for example, T01 from gate 49421 on A24, T02 from gate 37359 on A2, 
etc.) are in parallel with the outputs developed by the flip-flops on module A2. 


4-5.3.6 Sync and Timing Logic. The sync and timing logic, figure 4-124, generates 
synchronization, timing, and gating pulses for use within the computer subsystems, and 
synchronization pulses for systems external to the computer. These signals are developed 
as a function of the ring counter, strobe pulse generator, and scaler outputs. 


The synchronization outputs to the external systems as well as the oscillator, 
clock divider logic, and the scaler outputs are generated both during normal operation 
and during standby. The gates on modules Al, A2, and A24 are controlled so that the 
supply voltage is uninterrupted when the computer is switched to standby operation. 
The sync and timing logic output waveforms are illustrated in figure 4-124A, 


4-5,.4 SEQUENCE GENERATOR. The sequence generator contains the order code pro- 
cessor, command generator, and’ control pulse generator. The sequence generator 
executes the instructions stored in memory by producing control pulses which regulate 
the data flow of the computer. The manner in which the data flow is regulated among 
the various functional areas of the computer and between the elements of the central 
processor causes the data tobe processed according tothe specifications of each machine 
instruction. 


The order code processor receives signals from the central processor, priority 
control, and peripheral equipment. The order code signals are storedin the order code 
processor and converted to coded signals for the command generator. The command 
generator decodes these signals and produces instruction commands. The instruction 
commands are sent to the control pulse generator to produce a particular sequence of 
control pulses depending on the instruction being executed. At the completion of each 
instruction, new order code signals are sent to the order code processor to continue 
the execution of the program. 
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Figure 4-123. Time Pulse Generator Waveforms 
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4-5.4.1 Order Code Processor. The order code processor (figure 4-125) consists of 
the register SQ control, register SQ and decoders, and stage counter and decoders. The 
register SQcontrol is regulated by special purpose control pulse NISQ from the control 
pulse generator. Control pulse NISQ produces clear and write signals for register SQ 
and initiates a read signal for register B. The clear, read, and write signals place the 
order code content of register B onto the write lines and into register SQ. The order 
code signals from the priority control and the peripheral equipment pertain to start, 
interrupt, and transfer control to specified address instructions. These order code 
signals cause the register SQ control to produce the clear signal. If the order code 
signal is start or transfer control to specified address, nofurther action occurs because 
the order code for each of these instructions is binary 0 000 000. If the order code 
signal is interrupt, register SQ is set to 1 000 111. Other special purpose control pulses 
provide regulatory functions within the register SQ control during interrupt and some 
address-dependent instructions. 
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Figure 4-125, Order Code Processor, Block Diagram 
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Register SQ is a seven-bit register with only six of its bit positions (16 and 14 
through 10) connected to the central processor write lines. The seventh (high-order) 
bit position is the extend bit. This high-order bit position is used for extending the order 
code field; it contains a logic ZEROfor basle instructions anda logic ONE for extracode, 
channel, and interrupt instructions. Bit positions 16, 14, and 13 produce the SQ signals. 
At any time, only one of the eight possible SQ signals is present to indicate the octal 
number specified by these bit positions. Bit positions 12and 11 contain the quarter code. 
These bits are decoded into one of four QC signals to indicate the octal number spe- 
cified by these two bit positions. Bit position 10 is not used for basic and extracode in- 
structions; however, it is used for the channel and interrupt instructions. 


The stage counter is a three-stage Gray eounter especially adapted for various 
counts other than the Gray code. Most instructions are several MCT's long and use 
the two low-order bits of the stage counter. The stage eounter controls the length of 
each instruction, The stage counter always starts an instruction with count 000. 
Then it may be advanced to 001, 010, or 011 by special purpose control pulses ST1 and 
ST2 from the control pulse generator. The Gray code count is used for the divide in- 
struction. Control pulse DVST advances the counter through the states 000, 001, 011, 
111, 110, and 100. Then control pulse ST2 sets the stage counter to 010 to complete 
the divide instruction. The content of the stage counter is decoded into the ST code 
signals. Some of the ST code signals reflect the standard binary count from octal 0 
through 3, and others reflect the Gray code count of octal 0, 1, 3, 7, 6, and 4. The 
order code signals from the priority control and the peripheral equipment set the stage 
counter to a particular state in a manner similar to that in which register SQ is set. 
The interrupt order code signal sets the stage counterto000, the start order code signal 
sets it to 001, and the transfer control to specified address signal sets it to 011. The 
outputs of register SQ and stage decoders are sent to the command generator where they 
are used to produce subinstruction and instruction commands. 


4-5,4.2 Command Generator, The command generator (figure 4~126) contains the sub- 
instruction decoder, instruction decoder, and the counter and peripheral instruction 
control, The subinstruction decoder receives the SQ and ST code signals from the order 
code processor, These signals represent the order codes of all machine instructions 
and are decoded into subinstruction and instruction commands. For example, channel 
instruction WOR has a binary order code 1 000 101 and stage code 000. The SQ cede 
signals SQEXT, SQ0, QC2, and SQR10 are combined with ST code signal STO to pro- 
duce subinstruction command WOR. 
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Figure 4-126, Command Generator, Block Diagram 


The instruction decoder receives the coded signals from the order code processor 
in addition to certain subinstruction commands. It produces signals called instruction 
commands. An instruction command is used for two or more subinstructions as com- 
pared to a subinstruction command which is used for only one subinstruction. For 
example, instruction command IC1 generates a combination of control pulses shared 
by subinstructions NDX0 and NDXX0. Instraction command IC1 is produced by signals 
SQEXT, SQ5, and STO for subinstruction NDX0 or by signals $Q5, QC0, and STO for 
subinstruction NDXX0. Other instruction commands are produced from subinstruction 
commands, For example, IC8 is produced by ORing DXCHO with LXCHO. 


The counter and peripheral instruction control receives instruction signals from 
the priority controland the peripheral equipment. These signals are applied to separate 
circuits which control the individual counter and peripheral instructions. The instruction 
signals from the priority control pertain to counter locations and the instruction(s) 
associated with each location. For example, signal C314 is interpreted as counter 31 
address. The content of this location can only be changed by instruction DINC whose sub- 
instruction command is produced by the counter and peripheral instruction control. An- 
other example is signal C42P, interpreted as counter 42 positive increment or signal 
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C42M, counter 42 negative increment. The peripheral equipment supplies instruction 
signals such as MREAD and MLOAD for the fetch and store instructions, respsctiveiy. 
Whiie the particular instruction is being executed, the counter and peripheral instruction 
controi stores the input signals in ths same way that order code signals are stored by 
register SQ, Since some of the peripheral instructions are several MCT's long, they 
use the ST code signals. The subinstruction and instruction command outputs of the com- 
mand generator are ussd by the controi pulse generator in conjunction with time pulses 
T01 through T12 to produce action pulses. 


4-5.4.3 Control Pulse Gensrator, The control puise generator (figure 4-127) contalns 
the crosspoint generator, control pulse gates, and branch controi, The crosspoint 
generator receives instruction and subinstruction commands from the command generator 
and branch commands from the branch controi. The crosspoint generator produces an 
action pulse when a command signal and a time pulse are ANDed. This action is called 
the crosspoint operation, For example, action pulse 5XP12 is produced from subin- 
struction command DASO and time pulse T05, Many instructions use identical action 
pulses, When this is the case, several command signals such as TCO, TCFO, or IC4 
wili produce the same action puise during time period TO1. The branch commands are 
used to change the action pulse that normally is produced atagiven time. For example, 
when certain conditions exist, a branch command wiii produce action pulse 8XP6 in 
addition to another action puise normaliy produced attime period T08, The action puises 
are supplied to the control pulse gates which convert them to specific control pulses for 
use in instruction execution. 


The control pulse gates perform the Boolean NOR function. There is one gate for 
each controi puise, These gates split the action pulses into as many control pulses as 
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Figure 4-127. Control Pulse Generator, Block Diagram 
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are required for a particular operation. For example, action pulse 3XP6 is converted 
to control pulses RZ and WQ. Some of the control pulses produced by the control pulse 
gates are used by the sequence generator. These include the special purpose control 
pulses which control the operation of the order code processor and the test control 
pulses which are applied to the branch control. The other control pulse groups, namely 
the read, write, and direct exchange control pulses are used in the central processor 
and the priority control. The purpose of each control pulse is described in paragraph 
4-5.2, Machine Instructions. 


The branch control is connected to the write lines of the central processor. Data 
whicb is placed onto the write lines by readcontrol pulses is tested inthe branch control. 
The branch conirol contains two stages. Branch 1 normally tests for sign and branch 2 
tests for full quantities such as plus or minus zero. Both branches test for positive and 
negative overflow and have the overflow bits written directly into the branch register. 
Positive overflow is 01 where branch 1 is the high order bit. Negative overflow is 10. 
The branch commands sent to the crosspoint generator affect the action pulses at given 
times. The branch control also contains the special instruction flip-flop which controls 
the execution of RELINT, INHINT, and EXTEND instructions. 


4~-5.4.4 Register SQ Control. The register SQ control (figure 4-128) is regulated by 
special purpose control pulse NISQ from the control pulse generator. Control pulse 
NISQ causes the register SQ control to produce clear signal CSQG, read signal RBSQ, 
and write signal WSQG. These signals place the order code (content of register B) onto 
the write lines and into register SQ at the beginning of each new instruction. Tbe order 
code signals applied to the register SQ control from the priority control (GOJAM and 
RUPTOR) and peripheral equipment (MTCSAIJ) pertain to start, interrupt, and transfer 
control to specified address instructions, respectively. A distinct priority is associated 
with each of these three instructions. Interrupt and transfer control to specified address 
instructions can never be requested when the computer is forcing the execution of the 
start instruction, which has the highest priority. Certain peripheral instructions occupy 
the next level of priority, followed by the counter instructions and in turn the transfer 
control to specified address instruction, which has priority over the interrupt instruc- 
tion; all six of these instruction categories have priority over basic instructions. In 
addition, the interrupt instruction cannot be executed when the next instruction being 
called is an extracode instruction. The register SQ control establishes this priority. 
it also provides signals toforce register SQ to the 0 000 000 state for startand transfer 
control to specified address instructions, andstate 1 000 111 for tbe interrupt instruction. 
The register SQ control is able to inhibit the processing of all subsequent interrupts 
when specified by the program and will permit only one interrupt to be processed at a 
time. Certain monitor functions built into the register SQ control may be used when the 
computer is connected to the peripheral equipment. 


When control pulse NISQ is applied to the set side of the NISQL flip-flop (figure 
4-128), the NISQL flip-flop will set, provided signal STRTFC is not present. Control 
pulse NISQ is produced during time period T02 or TO8 depending on the subinstruction 
which produces the control pulse. Once the NISQL flip-flop is set, it remains set until 
signal INKBT1 or STRTFC is produced. Signal INKBT1 occurs at time period T01 wben 
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no counter incrementing is in progress as indicated by the absence of signal INKL. 
Signal STRTFC may occur anytime during an MCT if produced by signal GOJAM or at a 
time period predetermined by the peripheral equipment if produced by signal MTCSAI. 


Signals CSQG, RBSQ, and WSQG are produced during time period T12 provided that 
the NISQL flip-flop is set and signal RPTFRC is not present. The clear, read, and write 
signals are phased by the clear timing signal CT, the read timing signal RT, and the 
write timing signal WT, respectively. When the start or transfer control to specified 
address instruction is to be executed, the NISQLflip-flopis reset and signals RBSQ and 
WSQG are inhibited. However, signal CSQG is produced by signal STRTFC and forces 
the SQ register to the 0 000 000 state. If signal RPTFRC is present, signals CSQG, 
RBSQ, and WSQG are not produced. Signal RPTFRC is applied toregister SQ and forces 
it to the 1 000 111 state. 


The priority control supplies signal RUPTOR to the register SQ control when the 
interrupt instruction is to be executed. Signal RUPTOR maybe inhibited in the register 
SQ control by several conditions, one of which is the programmed interrupt inhibit 
called INHINT. The INHINT condition is established by executing instruction INHINT 
whose order code is00.0004. This instruction produces signal INHPLS which is applied 
to the set side of the INHINT flip-flop (figure 4-128). The INHINT flip-flop will set pro- 
vided signal GOJAM is not present at the application of signal INHPLS. Once the flip- 
flop is set, it remains set until signal GOJAM or RELPLS is produced. Signal RELPLS 
is produced by instruction RELINT which releases the interrupt inhibit condition. In- 
struction RELINT has the order code 00.0003. Signal MINHLfrom the INHINT flip-flop 
is connected to an indicator on the peripheral equipment. This indicator lights when the 
INHINT flip-flop is set. 


Another condition which inhibits signal RUPTOR is the interrupt in progress (IP) 
condition. The IIP condition is established during the execution of the interrupt instruc- 
tion to indicate that an interrupt is in progress. Subinstruction RUPTO produces signal 
KRPT which is applied to the set side of the IIP flip-flop (figure 4-128). The IP flip- 
flop will set, provided signal GOJAM is not present at the application of signal KRPT. 
Signal KRPT is an action or crosspoint pulse (9XP1) produced during time period T09 
of subinstruction RUPTO. Once the I1P flip-flopis set, it remains set until signal GOJAM 
or 5XP4 is produced. Signal 5XP4 is produced by subinstruction RSM3 which is executed 
at the completion of an interrupt sequence. Subinstruction RSM3 is part of the RESUME 
instruction (order code 05.0017) which returns control to the program that was being 
executed before the interrupt occurred. Signal 5XP4 is also an action or crosspoint 
pulse which is produced during time period T0S. Signal MHP from the IIP flip-flop is 
connected to the peripheral equipment. A switch on the peripheral equipment will permit 
signal MIIP to light an indicator and to cause a monitor T12 stop. This causes the time 
pulse generator (which produces signals T01 through T12) to stop at time period T12 
until it is released by the peripheral equipment. The peripheral equipment can supply 
signal MNHRPT to the register SQ control. This signal is produced by a switch closure 
and inhibits signal RUPTOR. Signal OVNHRP inhibits signal RUPTOR for all multiply 
subinstructions preceding MP3 while the accumulator is beingused in double-precision 
operations. 
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Signal FUTEXT is produced by the register SQ and decoder circuits. This signal is 
present when the next instruction to be executed is an extracode instruction. Signal 
FUTEXT is produced when instruction EXTEND or NDX is executed andoccurs at time 
period T08 or T10, respectively. Signal RUPTOR is inhibited by the future extend con- 
dition because this condition cannot be re-established when returning to the interrupted 
program through instruction RESUME. The order codes for instructions EXTEND and 
NDX which establish the future extend condition are 00.0006 and 15, respectively. 


Signal RUPTOR will cause the RPTFRC flip-flop to set at time period T12 subject 
to the phasing of signal PHS2. A new instruction must be in the process of being called 
in order for the RPTFRC flip-flop to set. This condition is established by signal NISQL. 
The RPTFRC flip-flop will set only if signal STRTFC is not present at the same time 
the set signal is present. The flip-flop is reset at time period T02 or when signal 
GOJAM or MTCSAI is present. 


4-5.4. 5 Register SQ and Decoders. Register SQ is a seven-bit register which stores 
the content of the extended order code field as each instruction is being executed. The 
content of register SQ and decoders produces signals SQEXT, SQ0 through $Q7, QCO0 
through QC3, and SQR10. These signals are used by the command generator to produce 
subinstruction and instruction commands. 


Register SQ (figure 4-129) is connected to the central processor by write line sig- 
nals WL16 and WL14 through WL10. The register SQ control produces signal RBSQ 
which places the order code content of register B onto the write lines. It also produces 
signal CSQG which clears register SQ and WSQG which writes the new order code into 
register SQ. Signal CSQG does not clear the SQEXT bit position. This bit position is set 
when an extracode instruction is to be exccuted and is controlled by the FUTEXT flip- 
flop. 


Special purpose control pulses EXTPLS and EXT are applied to the set side of the 
FUTEXT flip-flop. The flip-flop will set provided signal STRTFC is not present at the 
application of signals EXTPLS or EXT. Signal EXTPLS is produced at time pulse T08 
by instruction EXTEND. The order code for the EXTEND instruction is 00. 0006. Signal 
EXT is produced at time pulse T10 of subinstruction NDXX1. The FUTEXT flip-flop 
remains set untilsignal INKBT1 or STRTFC is produced. Signal INKBT1 occurs at time 
pulse T01 when no counter incrementing is in progress. 


The SQEXT flip-flop can be set at time pulse T12 provided the NISQL and the 
FUTEXT flip-flops are set. If signal STRTFC is present, the NISQL and FUTEXT flip- 
flops will be reset and their outputs will cause the SQEXT flip-flop to reset also. Signal 
RPTFRC also sets the SQEXT flip-flop provided a new instruction is being called and 
signal STRTFC is not present. Once the SQEXT flip-flop is set, it remains set until the 
next basic instruction is executed. The resetting of the SQEXT flip-flop is accomplished 
when signal FUTEXT is not present and signals NISQL and T12 are. 


When the startor transfer control to specified address instruction is tobe executed, 
signal STRTFC resets the SQEXT flip-flop as specified in the preceeding paragraph. It 
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also produces signal CSQG which clears bit positions 16 and 14 through 10 of register 
SQ. As a result, register SQ is forced to the 0 000 000 state which causes the execution 
of instructionGOJ or TCSA depending on the state of the stage counter. When the inter- 
rupt instruction is te be executed, signal RPTFRC sets bit positions SQEXT and 12 
through 10 and resets bit positions 10, 14, and 13 of register SQ. As a result, register 
SQ is forced to the 1 000 111 state which causes the execution of instruction RUPT. 


Signals MSQEXT, MSQ16, and MSQ14 through MSQ10 are connected to indicators 
on the peripheral equipment so that the content of register SQ can be monitored at any 
time. 


The SQ decoder produces signals SQO through SQ7 from the outputs of bit positions 
16, 14, and 13 of register SQ. These signals are used in the command generator to- 
gether with signals SQEXT, QCO through QC3, and SQR10 to produce subinstruction and 
instruction commands. Signals SQO through SQ7 are inhibited by signal INKL. Signal 
INKL is produced when a counter instruction is being executed. When signal INKL is 
present, no commands can be produced other than those for the counter and peripherat 
instructions. 


The QC decoder produces signals QCO andQC3 for the outputs of bit positions 12 and 
liof register SQ. These signals are also used to produce subinstruction and instruction 
commands and are not inhibited by counter incrementing. 


4-5.4,6 Stage Counter and Decoder. The stage counter and decoder (figure 4-130) is 
regulated by special purpose control pulses ST1, ST2, DVST, RSTSTG, and TRSM from 
the control pulse generator and by order code signals GOJAM and MTCSAI from the 
priority control and peripheral equipment, respectively. The stage counter is used as 
a storage device which is forced to a different state after the execution of each subin- 
struction. The stage counter remains in a given state for one MCT, the duration of 
every subinstruction. The stage counter is forced through various counts depending on 
the instruction being executed. Most instructions are two MCT’s long andare completed 
by executing subinstruction STD2. As a result, the stage counter is advanced through 
states 000 and 010. Some instructions are three MCT's long and are completed by exe- 
cuting subinstruction STD2. The stage counter states for these instructions are 000, 
001, and 010, Other combinations of states are simply 000 for the transfer control in- 
struction, 000 and 001 for the index instructions, 000 and 011 for the RESUME instruc- 
tion, and 000, 001, and 011 for the multiply instruction. The divide instruction is seven 
MCT's long. Gray code counts 000, 001, O11, 111, 110, and 100 are used to enumerate 
six MCT's of this instruction. The seventh MCT is controlled by state 010 which is that 
of subinstruction STD2. 


The stage counter contains three primary tevel flip-flops A, B, and C, and three 
secondary level flip-flops STG1, STG2, and STG3, respectively. The secondary level 
flip-flops are set to the state of the primary level flip-flops at time pulse T12 for most 
instructlons. For the divide instruction, the transfer of states occurs at time pulses 
T03 and T12. The primary level flip-flops are reset at time pulse TO1 to establish the 
state 000, 
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The stage counter can establish state 001 three ways. When the start instruction 
is to be executed, signal GOJAM sets flip-flop A and resets flip-flop B. Flip-flop C is 
reset by signal STRTFC. Control pulse ST1 sets flip-flop A (at time pulse T10) and 
control pulse DVST sets the flip-flop (at time pulse T02) provided that flip-flop STG3 
is not set during the Gray code count sequence. 


The state 010 can only be produced in one way, by control pulse ST2 which sets flip- 
flop B at time pulse T08 or T10 depending on the subinstruction which produces the 
control pulse. 


The state 011 can be produced four ways, When the transfer control to specified 
address instruction is tobe executed, signal MTCSAI sets flip-flops A and B and signal 
STRTFC resets flip-flop C. During the execution of subinstruction MP1, control pulses 
ST1 and ST2 are produced at time pulse T10. These control pulses set flip-flops A and 
B and cause the execution of subinstruction MP3. During the execution of instruction 
RESUME, control pulse TRSM sets flip-flop B at time pulse T05. Instruction RESUME 
is an address-dependent instruction consisting of subinstructions NDX0 and RSM3. The 
content of register S must be octal 0017 for control pulse TRSM to set flip-flop B. At 
time pulse T10 of subinstruction NDX0, control pulse ST1 sets flip-flop A thereby 
establishing the state 011 for subinstruction RSM3. During the execution of the divide 
instruction, control pulse DVST sets flip-flop A at time pulse T02 provided that flip- 
flop STG3 is not set. Flip-flop B is set by DVST provided flip-flop STG1 is set. Since 
flip-flop STG2 is not set when control pulse DVST is produced, flip-flop C remains 
reset, thus establishing state 011. 


States 111, 110, and 100 are established by control pulse DVST at time pulse T02 
of instruction divide. Flip-flops A, B, and C are set provided that flip-flop STG3 is not 
set and flip-flops STG1 and STG2 are set, respectively. This establishes state 111. 
States 110 and 100 are established in a similar way and are dependent on the states of 
flip-flops STG1, STG2, and STG3. 


The contents of flip-flops A, B, and C are transferred to flip-flops STG1, STG2, 
and STG3, respectively, at time pulse T12if the T12USE flip-flop is not set. The trans- 
fer is subject to the phasing of signal PHS3. The T12USE flip-flop is set at time pulse 
[02 by control pulse DVST provided signal GOJAM is not present. Once the flip-flop is 
set, it remains set until reset by control pulse RSTSTG {which occurs at time pulse T08 
of subinstruction DV4) unless signal GOJAM occurs first. When the T12USE flip-flop is 
set, the contents of the primary level flip-flops are transferred to the secondary level 
flip-flops at time pulse T03 according to the phase of signal PHS3. Signal DIVSTG is 
also produced at time pulse T03 under these conditions. When the secondary level flip- 
flops are set, they cannot be reset unless signal D is present. Signals MST1, MST2, 
and MST3 are connected to lights on the peripheral equipment to indicate the state of 
the stage counter. 


The stage decoder (figure 4-130) produces signals STO, ST1D, STD2, ST3, ST4, 
S$T1376, ST376, and ST3764. This signal group is the decoded output of the stage counter 
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and is used in conjunction with signals SQEXT, SQ0 through SQ7, QCO through QC3, 
and SQR10 to produce subinstruction and instruction commands. Signals STO, ST1D, 
STD2, ST3 and ST4 are produced when the stage counter is set to states 000, 001, 010, 
011, and 100, respectively. Signal ST376 is produced when the stage counter is in state 
Oli, 111, or 110. Likewise, signal ST1376 is produced when the stage counter is set 
to state 001, 011, 111, or 110, and signal ST3764 is produced during states 011, 111, 
110, or 100. 


4-5.4.7 Subinstructlon Decoder, The subinstruction decoder receives the SQand ST code 
signals from the order code processors and produces signals called subinstruction and 
instruction commands. Signals SQEXT, SQ0 through SQ7, QCO through QC3, and SQR10 
comprise the SQ code signals. Slgnals STO through ST4, ST376, ST1376, and ST3764 
comprise the ST code signals. The SQEXT and SQRi0 signals represent thehigh andlow 
order bits, respectively, of register SQ. Signals SQ0 through SQ7 represent octal 
quantities 0 through 7 respectively, in bit positions 16, 14, and 13 of register SQ. Sig- 
nals QCO through QC3 represent octal quantities 0 through 3, respectively, in bit posi- 
tions 12 nnd 11 of register SQ. The SQ and QC signals are the decoded outputs of the 
register SQ and decoder circuits. The ST code signals represent the state of the stage 
counter. For example, signal ST1 represents state 001. The ST signals are thedecoded 
outputs of the stage counter and decoder circuits. 


The subinstruction decoder utllizes the SQ and ST code signals in producing subin- 
struction and instruction commands. The command signals in turn are ANDed with 
time pulses T01 through T12 as necessary to produce crosspoint signals. This action 
isaccomplished in the crosspoint generator. The crosspoint signals produce the control 
pulses which regulate the data flow of the computer. By definition, a subinstructlon 
command is used for only one subinstruction. For example, command STD2 is used 
only during subinstruction STD2. An instruction command is therefore defined as a 
command which is used by two or more subinstructions. For example, command IC3 
is used for subinstructions STD2, TCO, and TCO. Table 4-IX lists all of the com- 
mands produced by the various SQ and ST codes. The subinstructions which relate to the 
specific SQ and ST codes are also !isted in table 4-IX, 


Figure 4-131 shows the logic circuits that produce the subinstruction commands for 
basic, channel, and extracode instructions. Signal CCS0 is used as an example to il- 
lustrate the production of commands. When subinstruction CCSO0 is tobe executed, reg- 
ister SQ is set to the 0 001 00X state and the stage counter is set to 000. As a result, 
the order code processor supplies signals SQ1, QC0, and STO to the command gener- 
ator. Since CCS is a basic instruction, the high order bit of register SQ is a logic 
ZERO and signal SQEXT is not present. The circuit for basic instructions detects this 
condition and produces signal NEXSTO. Had signal ST1 been present instead of STO, 
signal NEXSTO would not be produced. Signals NEXSTO, SQ1, and QCO are then ANDed 
to produce subinstruction command CCSO0. 


The QC signals are produced by the two high order bits of the address field. Instruc- 
tions which do not use the extended order code field have commands that are produced 
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Table 4-[X. Commands Per Subinstruction 


ST Code 


SQ Code BR1 and BR2 


Subinstruction 


STD2 
1C3 


BASIC INSTRUCTIONS 


TCO 
13 


Cccso 
Ic12 


TCFO 
Ic3 


DASO 
IC10 


DAS1 


IC8 
Icg 


INCRO 
PRINC 


ADSO 
DAS1 


1C6 
1C13 


IC7 
IC13 


NDXO 
IC1 
1C13 
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Tabie 4-IX. Commands Per Subinstruction 


BASIC INSTRUCTIONS (cont) 


EXTRACODE INSTRUCTIONS 


Dvo 
DIV 
DV1 110 DVI 
DV1376 
DIV 


Dv3 110 DV1376 
DV376 
DIV 
DV7 110 DVI376 
DV376 
DIV 
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Table 4-IX. Commands Per Subinstruction 


SQ Code BRI and BR2 Commands 
EXTRACODE INSTRUCTIONS (cont) 


DV6 110 6 DV1376 
DV376 
DIV 


Dv4 


IC15 
IC17 
IC16 


MSU0 MSU0 


IC12 


QXCHO QXCHO 


Ico 


AUGO AUGO 


PRINC 


DIMO DIMO 


PRINC 


DCAO DCAO 
IC4 
IC10 


IC13 


IC6 
IC13 


DCcso 
ICc4 

IC10 
IC13 


IC? 
IC13 
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Table 4-1X. Commands Per Subinstruction 


Subinstruction ST Code BR1 and BR2 


EXTRACODE INSTRUCTIONS (cont) 
15 IC1 
1013 
15 NDXX1 
12 
160 suo 
ICll 
1C13 


162 
164 
166 


C15 
1C17 
1016 
1C16 
17 MPO 
1014 


17 MP1 


17 MP3 


0 READO 
INOUT 


0 WRITEO 
INOUT 


0 RANDO 


INOUT 


0 WANDO 
INOUT 


0 RORO 
INOUT 
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Table 4-IX. Commands Per Subinstruction 


Subinstruction SQ Code BRI and BR2 Commands 


CHANNEL INSTRUCTIONS (cont) 


INTERRUPT INSTRUCTIONS 


RUPTO 
RUPT1 
GOJ1 00 


COUNTER INSTRUCTIONS 


PINC 
PARTC 
INKL 
D MINC 
PARTC 
INKL 
PCDU 
PARTC 
INKL 
MCDU 
PARTC 
INKL 
D DINC 
PARTC 
INKL 
SHINC : SHIFT 
INKL 
SHANC SHANC 
SHIFT 
INKL 
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Table 4-IX. Commands Per Subinstruction 


SQ Code ST Code BRI and BR2 
PERIPHERAL INSTRUCTIONS 


TCSAd3 3 TCSAI3 


Subinstruction 


INOTRD CHINC 
INKL 


MON+CH 


INOTLD INOTLD 
CHINC 
INKL 


MON+CH 


FETCHO 


FETCHO 
MON 
INKL 
MON+CH 


FETCH1 


MON 
STFET1 
INKL 
MON+CH 


STOREO 


FETCHO 
MON 
INKL 
MON+CH 


STORE1 MON 
STFET1 
STORE1 
INKL 
MON+CH 
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without the QC signals. The basic instructions which can use any computer address are 
TC, CA, CS, AD, and MASK. The subinstruction commands produced without QC signals 
are TCO, ADO, and MASKO, Instructions CA and CS are controlled by instruction com- 
mand signals from the instruction decoder. 


The basic instructions which use the entire order code field are: 


(1) ccs (5) INCR (9) DXCH 
(2) TCF (6) ADS (10) TS 
(3) DAD (7) NDX (11) XCH 
(4) LXCH (8) RESUME 


These instructions have commands which are produced with a QC signal. Other important 
points concerning basic instructions are that signal DAS1 is an instruction command and 
signal LXCHO0 is not used to produce crosspoint pulses. 


Signal DAS1 is an instruction command because it is used for subinstructions DAS1 
and ADSO. Subinstruction LXCHO is controlled by instruction commands IC8 and IC9 
which are produced by signal LXCHO. The logic diagram for basic instructions contains 
the circuits which produce commands TCSAJ3 and GOJ1. These commands are for 
peripheral and interrupt instructions, respectively, and are included here because they 
have order codes similar to basic instructions. Signal MTCSA is fed to the peripheral 
equipment. 


The channel instructions and RUPT instruction are controlled by commands which 
are produced from the entire order code content of register SQ and the content of the 
stage counter. For example, when subinstruction WAND0 is to be executed, register 
SQ is set to the 1 000 011 state and the stage counter is set to 000. As a result, signals 
SQEXT, SQ0, QC1, and SQR10 are present and ANDed to produce subinstruction com- 
mand WANDO. 


The extracode instructions are also shown in figure 4-131. Special attention is 
given to the commands for the divide instructionbecause of the Gray code count used to 
control the commands. When instruction DV is to be executed, register SQ is set to the 
1 001 00X state and the stage counter is set to 000. As a result, signals SQEXT, SQ1, 
QC0, and STO are supplied to the subinstruction decoder. Signals SQEXT, SQ1, and 
QCO0 are ANDed to produce instruction command DIV. In addition, signals DIV and STO 
are ANDed to produce subinstruction command DVO. Since signal DIV is produced with- 
out an ST signal, it remains for the duration of the divide instruction. It is also used to 
produce subinstruction commands DV1 and DV4 and instruction commands DV1376, 
DV376, and DV3764. Subinstructions DV1, DV3, DV7, and DV6 start at time pulse T04 
and end at the following time pulse T03. Instruction command DV1376 produces cross- 
point pulse for time pulse T01, T02, and T03 whereas instruction command DV376 
produces crosspoint pulses for time pulses T04 through T12, Instruction command 
DV3764 is not used to produce crosspoint pulses but it does turnoff fixed memory timing 
during four MCT's of the divide instruction. 
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The remaining commands for the extracode instructions are similar to the com- 
mands for thebasic instructions. Instructions DCA, DCS, NDXX, and MPdo not encroach 
on the address field for thelr order codes. Asaresult, the commands for these instruc- 
tions do nut use a QC signal. Signals BZF0, DCS1, and BZMFO are not used to produce 
crosspoint pulses but are used to produce Instruction command signals which control 
the assoclated subinstructions. 


4-5.4,8 Instructlon Decoder. The instructiondecoder receives the SQ and ST code sig- 
nals from the order code processor and commands from the subinstruction decoder. The 
instruction decoder produces commands that are used for two or more subinstructions. 
These commands are ANDed with time pulses T01 through T12 as necessary to produce 
crosspoint pulses. Table 4-IX llsts the commands produced for each subinstruction. 
Table 4-X lists the subinstructions that use a particular command for producing 
crosspoint pulses. 


Table 4-X. Subinstructions Per Command 


Subinstructions (ety Subinstructions 
Div 


ADO ADO 


ADSO ADSO 


AUGO AUGO 


ccso ccso Dvo 


CHINC INOTRD Dv1 

INOTLD 
Dv4 
DASO DASO 
DV376 
DAS1 DAS1 

ADSO 


DCAO DCAO DV1376 


DCSO DCsO 


DIMO DIMO 
DXCHO 


DINC DINC 


(Shect 1 of 4) 


4-264 


ND-1021042 


LEM PRIMARY GUIDANCE, NAVIGATION, AND CONTROL SYSTEM MANUAL 


Table 4-X. Subinstructions Per Command 


Subinstructions [PemComard | Subinstructions 


FETCHO 


GOJ1 


FETCHO 
STOREO 


GOJ1 


NDX0 
NDXXO 


NDX1 
NDXX1 


STD2 
TCO 
TCFO 


DCAO 
DCSO 


DXCH1 
XC HO 


CAO 
DCA1L 


cso 
Dcs1 


LXCHO 
DXCHO 


LXCHO 
DXCH1 
TSO 
XCHO 
QXCHO 
DASO 


DXCHO 
DCAO 
DCSO 


ADO 
Sud 
ccso 
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MSUO 


CAO 
cso 
NDXO 
ADO 
DCAO 
DCAL 
DCSO 
DCcs1 
NDXXO 
SU0 


MASKO 
MPO 
RXORO 


BZFO 
BZMFO 


BZFO 
BZMFO 


BZFO 
BZMFO 


INCRO 


PINC 
MINC 
PCDU 
MCDU 
DINC 
SHINC 
SHANC 
INOTRD 
INOTLD 
FETCHO 
FETCH1 
STOREO 
STORE1 
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INOTLD 


READO 
WRITEO 
RANDO 
WANDO 
RORO 
WORD 
RXORO 


MASKO 
MCDU 
MINC 
FETCHO 
FETCHIL 
STOREO 
STORE1 
INOTRD 
INOTLD 
FETCHO 
FETCHL 
STOREO 
STORE1 
MPO 
MP1 
MP3 


MSUO 


Subinstructions Per Command 


PARTC 


PCDU 
PINC 


PRINC 


QXCHO 
RANDO 
READO 
RORO 

RSM3 

RUPTO 
RUPT1 
RXORO 
SHANC 


SHIFT 


STD2 


STFET1 


Subinstructions 


PINC 
MINC 
PCDU 
MCDU 
DINC 
PCDU 
PINC 
INCRO 
AUGO 
DIMO 
QXCHO 
RANDO 
READO 
RORO 
RSM3 
RUPTO 
RUPTI 
RXORO 
SHANC 


SHINC 
SHANC 


STD2 


FETCHI 
STORE1 
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Tabie 4-X. Subinstructions Per Command 


Command Subinstructions Subinstructions 


STORE1 STORE1 TCSAJIS TCSAJ3 


suo suo TSO TSO 


WANDO WANDO 
TCO TCO 
WORO WORO 


TCFO TCFO 


WRITEO WRITEO 
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Figure 4-182 shows the logic circuits that produce most of the instruction commands 
for basic, channel, extracode, counter, and peripheral instructions. Two examples are 
used to describe how the instruction commands are produced. First, consider signal 
IC5 which is used for subinstructions DKCH1 and XCHO. When subinstruction DXCH1 
is to be executed the order code content of register SQ is 0 101 01X and the stage 
counter is set to 001. As a result, signals SQ5, QC1, and ST1 are present. Since the 
high order bit is a logic ZERO, signal SQEXT is not present. These conditions are de- 
tected by an AND function and signal ICS is produced. When subinstruction XCH0 is to 
be executed signals SQ5, QC3, and STO are present and signal SQEXT is not present. 
These conditions are also detected by an AND function and signal IC5 is produced. 


The second way to produce instruction command signals is by ORing various subin- 
struction commands. For example, signal 112 is produced by subinstruction command 
CCSO or MSUO, Another example is signal IC10 which is produced by subinstruction 
command DXCH0 or DASO. It is also produced by instruction command signal IC4. Com- 
mands IC16 and IC17 are dependent on branch conditions. Signal IC16 is produced by 
signals BZFO and BR2 orby signals BZMF0 and either BR1 or BR2. Signal IC17 is pro- 
duced when signal 1C16 is not present because of improper branch conditions during 
subinstructions BZ F0 and BZMFO, 
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4-5.4.9 Counter and Peripheral Instruction Control. The counter and peripheral instruc- 
tion control (figure 4-133) is regulated by signals from the priority control and peripheral 
equipment. The signals supplied by the priority control are the start order code signal 
(GOJAM), the counter OR signal (CTROR), and the various counter increment signals 
that request a particular counter instruction. The prime function of signal GOJAM is 
to take top priority by inhibiting and resetting many circuits in the counterand peripheral 
instruction control. Signal CTROR is used to produce the increment signal (INKL) in 
addition to various strobe signals. The signals supplied by the peripheral equipment are 
MREAD, MLOAD, MRDCH, MLDCH for FETCH, STORE, INOTRD, and INOTLD in~ 
structions, respectively. The peripheral equipment also supplies signal MNHNC for 
inhibiting the counter increment operation. The counter and peripheral instruction con- 
trol supplies the following subinstruction commands to the control pulse generator: 


(1) STORE1 (4) PCDU (7) SHANC 
(2) PINC (5) MCDU (8) DINC 
(3) MINC (6) SHINC 


It also supplies the following instruction commands: 


(1) INKL (3) MONTCH (5) FETCHO 
(2) STFET1 (4) CHINC 


The instruction command signal INKL must always be produced before a counter or 
peripheral instruction can be executed. Signal INKL interrupts the operation of the 
register SQ control, SQ decoder, and stage decoder so thatnoinstruction or subinstruc- 
tion command will be produced while the counter or peripheral instructionis being exe- 
cuted. Signal INKL does not destroy the order code in register SQ; it simply delays 
recognition of the order code until the counter or peripheral instruction has been exe- 
cuted. 


A counter or peripheral instruction cannot be executed if a GOJAM condition exists. 
Signal GOJAM is applied to the set side of the GNHNC flip-flop. If time pulse T01 is not 
present, signal GOJAM will set the GNHNC flip-flop. The flip-flop will remain set until 
the following TO1time pulse. Signal B controls the time at which a counter or peripheral 
instruction can be executed. Signal B is present at time pulse T12 provided signal 
NISQL is also present. Signal NISQLis produced by the register SQ control. This signal 
is present only at the end of each instruction; its absence at time pulse T12 prevents a 
counter or peripheral instruction from being executed between subinstructions. Signal 
B is produced during the last quarter interval of time pulse T12 as indicated by the pre- 
sence of signal PHS4. 


When a counter instruction is to be executed, signal CTROR from the priority con- 
trol is present. The presence of signals B and CTROR will allow a counter increment 
to occur provided the operation is not manually inhibited by signal MNHNC from the 
peripheral equipment or by signal A. Signal Ais produced whenever a peripheral instruc- 
tion is to be executed and gives the peripheral instructions priority over the counter 
instructions. If the preceding conditions are met, flip-flop C will set. The set input to 
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flip-flop C can be overridden by slgnal GOJAM if both the set and reset inputs occur at 
the same time. Signal C will be present for almost a full MCT, starting during the last 
quarter Interval of time pulse T12 and remaining until the third quarter interval of the 
following T12 pulse. The third quarter reset interval is controlled by slgnal PHS3. If 
additlonal counter incrementing is to take place, the C flip-flop will remain set. It can 
be reset any time by signal GOJAM or at time pulse T12 ifboth a counter and a peripheral 
instruction are requested at the same tlme. When this happens, signal A in addition to 
signals T12 and PHS3 will reset the C flip-flop. At the end of all counter incrementing, 
the absence of signal CTROR will cause the flip-flop to reset at time pulse T12. 


Signal INKL is produced directly from signal C or from signal MON+CH which in- 
dicates a peripheral instructionis being executed. Signal C also produces signal INCSET 
at time pulse T02 and signal RSSB during the third quarter of time pulse T07. Signal 
INCSET causes any counter instruction request to set the associated counter instruction 
flip-flop. Signal RSSB in conjunction with decoded counter addresses, resets cells in 
the priority control. This action terminates counter instruction requests applied to the 
counter and perlpheral instruction control. Signal MINKL is sent to the peripheral 
equipment and can be used to produce a time pulse T12 stop and turn on an indicator. 


Signal A is present when a peripheral instruction is to be executed. The A flip-flop 
may be set by signal MREAD, MLOAD, MRDCH, or MLDCH from the peripheral equip- 
ment. These signals are subjected to the timing of signal PHS2. The flip-flop remains 
set until the T11 timepulse, during which signal MON+CH ls present. The A flip-flop is 
also reset by slgnal GOJAM, which may occur at any time. 


Signal A resets the C flip-flop at thenext T12 time pulse. it is also used to establish 
a peripheral instruction request. A peripheral instruction cannot be executed before the 
completion of the current instruction. This actionis controlled by signal B which is pro- 
duced at time pulse T12 when the NISQL flip-flop is set. Signal A is produced by signal 
MLDCH when the channel load instruction INOTLD is to be executed. Signals MLDCH, 
A, and B cause the INOTLD flip-flop to set. The channel load Instruction is one MCT 
long. Therefore, the INOTLD flip-flop remains set for one MCT from the last quarter 
of time pulse T12 as determined by signal B to the second quarter of the following T12 
time pulse as determined by reset signals T12 and PHS2. The channel read instruction 
is controlled by flip-flop INOTRD which is set by signals MRDCH, A, and B and reset 
by signals T12 and PHS2. The timing of signals INOTLD and INOTRDis identical. These 
slgnals are subinstruction commands and either one will produce instruction commands 
signals CHINC and MON+CH. Signal MON+CH, in turn, produces signal INKL and also 
causes the A flip-flop to be reset at time pulse T12. 


Instructions STORE and FETCH are both two MCT's long. The STORE flip-flop is 
set when signals MLOAD, A, and B are all present and signal GOJAM is not present. 
The STORE flip-flop remains set for two MCT's. During thefirst MCT, the stage counter 
is set to the 000 state and produces signal STO. Signal STORE produces signal MON 
which in turn is combined with signal STO to produce instruction command signal FETCHO. 
During the second MCT, the stage counter is set to the 001 state and produces signal 
ST1. Signals STORE and STi are then combined to produce subinstruction command 
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signal STORE1. In addition, when signals T12, PHS2, MON, and ST1 are all present, 
the STORE flip-flopis reset. This conditionoceurs atthe end of the second MCT. Signal 
STORE also produces signal MON+CH which resets the A flip-flop at time pulse T1l. 
The STORE flip-flop may be reset at any time by signal GOJAM. 


The FETCH flip-flop is set when signals MREAD, A, and B are present. Signal 
FETCHproduces signals MON and MON+CH. Duringthefirst MCT of instruction FETCH, 
signal MON and STO produce instruction command FETCHO. During the second MCT, 
signals FETCH and ST1 produce signal FETCH1. Instruction command STFET1 is pro- 
duced by either FETCH1 or STORE1. The FETCH flip-flop is reset at time pulse T12 
when signals PHS2, MON, and ST1 are all present. It may also be reset by signal 
GOJAM. Signal MREQINis sent to the peripheral equipment to indicate that the computer 
has accepted the instruction request and to control the circuits which supply signals 
MREAD, MLOAD, MRDCH, and MLDCH. 


The priority control supplies instruction signals to the counter and peripheral in- 
struction control. The priority control contains 29 counter cell circuits, one for each 
counter location in erasable memory. Each counter performs a particular function. For 
example, time counters T1 through T5 are incremented at regular intervals to provide 
elapsed time data for the program. Since these counters can only be incremented, they 
are controlled by instruction PINC. Other counters can be incremented or decremented 
by instructions PINC or MINC, respectively, or by instructions PCDU or MCDU when 
dealing with the CDU counters. Other counters are controlled by Instructions SHINC, 
SHANC, and DINC. 


When any counter is to be updated the associated cell in the priority control is set 
by an incremental pulse input. The cell then produces a counter address signal. For 
example, if the counter at location 0024 is to be updated, cell 24 is set and counter 
address signal C24A is produced. The counter address signal then performs as many as 
two functions. First, if the counter being updated is controlled by only one instruction 
such as instruction PINC, the counter address signal sets the associated instruction 
flip-flop in the counter and peripheral iustruction control. Then, as the instruction is 
being executed, the counter address signal produces the corresponding octal address 
which is placed onto the write lines and written into register S by control pulse action. 


Since certain counters are controlled by two instructions, their counter address 
signals cannot be used to setan instruction flip-flop in the counter and peripheral instruc- 
tion control. The cells in the priority control for these counters produce one of two sig- 
nals in addition to the counter address signal. The additional signals are produced by 
flip-flop in the cell circuit. If a counter is to be decremented, one of the two flip-flops 
will be set by an incremental input. If the same counter must be incremented at later 
time, the other flip-flop is set by a different incremental input. The signals from these 
flip-flops are labeled with aP or an M to indicate a plus increment or minus increment, 
respectively. For example, when counter 0037 is being incremented, signal C37P is 
produced. This signal sets the PINC flip-flop in the counter and peripheral instruction 
control. When the same counter is being decremented, signal C37M is produced. This 
signal sets the MINC flip-flop. Table 4-IX lists the counter address and instruction 
signals from the cells in the priority control. 
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Table 4-XI. Counter Cell Signals 


0024 
0025 
0026 
0027 
0030 
0031 
0032 


SS 
T2 


0033 


0034 


0035 


0036 


0037 


0040 


0041 


0042 


BMACY 0043 


BMACZ 0044 


INLINK 0045 


RNRAD 0046 


CYRO 0047 


CDUX 0050 
CDUY 0051 
CDUZ 0052 
TRUN 0053 
SHAFT 0054 
THRST 0055 
EMS 0056 
OTLINK 0057 


ALT 0060 


Address Instruction 
Signal Signal 


C32P 
C32M 
C33P 

C33M 
C34P 

C34M 
C35P 

C35M 
C36P 

C36M 
C37P 

C37M 
c40P 

C40M 
C40P 
Cc40M 
c42P 
C42M 
C43P 
C43M 
C44P 
C44M 
C45P 
C45M 
C46P 
C46M 
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The cell signals which set the various counter flip-flops are shownin figure 4-133. 
Only one cell signal is present at a time. Each of the counter instruction flip-flops are 
set at time pulse T02 as determined by signal INCSET. Signal INCSET is present only 
when the NISQL flip-flop is set and no peripheral instruction is being executed. The 
counter instruction flip-flops remain set from time pulse T02 through T12. The control 
pulses required at time pulse T01 of the counter instructions are produced by instruc- 
tion command signal INKL. 


4-§.4.10 Crosspoint Generator. The crosspoint generator receives subinstruction and 
instruction commands fromthe command generator, branch commands from the branch 
control, and timing pulses from the timer. It produces crosspoint or action pulses as 
necessary by ANDing a given command signal with the appropriate time pulse signal. 
The crosspoint pulses are convertedinto control pulses and applied to various elements 
of the computer for regulating data flow. Some of the crosspoint pulses are used directly 
as control pulses due to the function which they must perform. However, most control 
pulses are produced by the control pulse gates. Some crosspoint pulses are controlled 
by branch commands in addition toa subinstruction or instruction command. For example, 
subinstruction CCSO uses branch commands during time pulses T07 and T10 as listed 
in table 4-VII, Machine Instructions, paragraph 4-5. 2. 


Subinstruction CCS0 is a decision-making subinstruction. At time pulse T01, in- 
struction command IC12 and time pulse T01 are ANDed to produce crosspoint pulse 
(XP) RL10BB as shown in figure 4-134 and listed in table 4-XIl. Crosspoint pulse RL10BB 
is also produced by commands DASO, DAS1, 1C9, DXCHO, PIRNC, or INOUT. This 
pulse performs several functions. First, it is used as a control pulse to place the ten 
(10) low order bits of register B onto the write lines. Second, it is converted into con- 
trol pulse (CP) WS which enters the content of the write lines into register S. 


At time pulse T02, crosspoint pulse 2B is produced and converted into control 
pulses RSC and WG. Signal 2B is produced involuntarily every T02 time pulse except 
when inhibited by subinstruction commands MP1, MP3, or DVO or instruction com- 
mands INOUT, IC15, and DV1376. Many subinstructions use control pulses RSC and 
WG at time pulse T02 as listed in table 4-VII. If the content of register S is an eras~- 
able memory address, control pulse WG clears register G and the decoded address 
Signals inhibit control pulse RSC. Data from fixed or erasable memory may be trans- 
ferred into it at a later time. If a central processor register is addressed, fixed and 
erasable memory timing is turned off, and the content of addressed register is copied 
into register G by contro] pulses RSC and WG. For subinstruction CCS0, the address 
in register S can be that of an erasable memory or central processor location. lt can 
never be a fixed memory address because control pulse RL10BB does not place bits 
12 and i1 of the address onto the write lines. 


No crosspoint or control pulses are produced attime pulses T03 and T04 of subin- 
struction CCS0. However, the content of the addressed erasable memory location is 
entered into register G at time pulse T04. 
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Figure 4-134. Crosspoint Generator, 
Logie Diagram (Sheet 1 of 10) 
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Figure 4-134. Crosspoint Generator, 
Logie Diagram (Sheet 2 of 10) 
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Figure 4-134. Crosspoint Generator, 
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Attime pulse T05, crosspointpulses 5G and 5J are produced from commands CCSO 
and IC12, respectively. Crosspoint pulse 5G may also be produced from command 
PARTC or PINC. Crosspoint pulse 5G produces control pulses RG, TMZ, TPZG, and 
TSGN. Control pulse RG places the content of register G onto the write lines. The 
branch flip-flops are set tothe 00 state if register G and the write lines contain a posi- 
tive quantity. Control pulse TSGN resets the branch 1 flip-flop and control pulses TMZ 
and TP2G resetthe branch 2 flip-flop. Branch state 0lis established if register G con- 
tains a plus zero. Control pulse TSGN resets the branch 1 flip-flop and control pulse 
TPZG, in conjunction with the decoded output of register G, sets the branch 2 flip-flop. 
Branch state 10 is established if the write lines contain a negative quantity other than 
minus zero. Control pulse TSGN, in conjunction with signal WL16, sets the branch 1 
flip-flop and control pulses TPZG and TMZ reset the branch 2 flip-flop. Finally, state 
11 is established when the write lines contain minus zero. The branch 1 flip-flop is set 
by control pulse TSGN and signal WL16. The branch 2 flip-flop is set by signals WL16 
through WLO1 and control pulse TMZ. The output of the branch flip-flops are decoded 
into various branch command signals that are used for producing crosspoint pulses. 


Crosspoint pulse 5J is converted into control pulses RG and WB. Control pulse RG 
is also produced from crosspoint pulse 5G, thus making one RG control pulse redundant. 
Control pulse RG places the content of register G onto the write lines. Control pulse 
WB transfers the write line information into register B. Crosspoint pulse 5J can only 
be produced by time pulse signal T05 and instruction command signal IC12. No 
crosspoint pulses are produced at time pulse T06 of subinstruction CCS0. 


At time pulse T07, the state of the branch flip-flops determines what crosspoint 
pulses are produced. The control pulses attime pulse T07 will add plus zero, one, two, 
or three to the address ¢(Z) contained in register Z if the branch flip-flops are in state 
00, 01, 10, or 11, respectively. Crosspoint pulse 7D is produced by signals T07 and 
CCS0 and is not dependent on the state of the branch flip-flops. Signal 7D is converted 
into control pulses RZ and WY12 which copy the twelve (12) loworder bits of register Z 
into the adder register Y. Control pulse WY12 also clears adder register X and the 
carry flip-flop. If the branch flip-flops are in the 00 state, no further action occurs at 
time pulse T07 and the adder gates U contain e(Z) + 0 = e(Z). If the branch 2 flip-flop is 
set as it is for states 01 and 11, crosspoint pulse 7XP4 is produced. Signal 7XP4 is 
produced by time pulse T07, subinstruction command CCS0, and branch signal BR2. 
Crosspoint pulse 7XP4 is then converted into control pulse PONEX which sets bit 1 of 
adder register X. If the branch flip-flops are in the 01 state, no further action occurs 
at time pulse T07. As a result, the adder gates U contain c(Z) + 1. If the branch flip- 
flops are in the 11 state, crosspoint pulse PTWOX is produced by signals T07, CCSO0, 
and BR1. Signal PTWOX, which is used as the control pulse, sets bit 2 of register X. 
Since register X now contains octal three from the action of control pulses PONEX and 
PTWOX, the adder output gates contain c(Z) + 3. Had the branch flip-flops been set to 
state 10, only control pulse PTWOX would be produced and the output gates U would 
contain c(Z) + 2. 
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At tlme pulse T08, crosspoint pulse 8XP10 is produced and converted to control 
pulse WS. Signal 8XP10 is produced involuntarily every T08 time pulse except when 
inhibited by subinstruction commands RUPT0, DAS0, or MP1 or instruction command 
DVi376. Control pulse WS is used for copying an address into register S. The address 
usually comes from reglster 2; however, It may also come from the priority control, 
peripheral equipment, register B or adder gates. Signals T08 and CCSO also produce 
crosspolnt pulse 8A which is converted to control pulses RU and WZ. Controi pulses 
RU, WZ, and WS enter the content of the adder gates U into registers Z and S. At time 
pulse T09, crosspoint pulse 9B Is produced from signals T09 and IC12 and converted 
into control pulses RB and WB. Crosspoint pulse 9B may also be produced by signal 
RUPT1i or IC13. Control pulses RB and WB copy the content of register B into register 
G. This is the quantity that was originally taken out of erasable memory at time pulse 
7T04 and entered into register G. The content of register G Is returned to its erasable 
memory location at time pulse T10. This action does not destroy the same data con- 
talned in register B. 


Also at time pulse T10, control pulses WY and ST2 are produced from crosspoint 
pulse 10B. Control pulse ST2 sets the primary level flip-flops of the stage counter to 
010 in preparation for subinstruction STD2. Control pulse WY clears register X and 
enters the content of the write lines Into register Y. If the branch flip-flops are set to 
state 01 or 11, no additional crosspoint and control pulses are produced. As a result, 
the adder gates U contain plus zero. If the branch 2 flip-flopis reset, as itis for states 
00 and 10, crosspoint pulse 10XP6 is produced and converted to control pulses Cl and 
MONEX. Control pulsc CI sets the carry flip-flop and control pulse MONEX sets register 
X to minus one or octal 177776. Crosspoint pulse 10XP6 is produced by signals Ti0 and 
CCSO0, when signal BR2 is not present. If the quantity e(E) taken from erasable memory 
Is positlve, the branch flip-flops will be in the 00 state. Crosspoint pulse 10XP9 will 
produce control pulse RB which in turn will copy the positive quantity in register B onto 
the write lines. Control pulse WY will then cnter ¢(E) into register Y. The quantity 
e(E) in register Y, minus one in register X, anda carry bit results in c(E) -1 at the 
output gates U. If the orlginal quantity in erasable memory was negative c(E), the branch 
flip-flops will be in state 10, and crosspoint pulse 10G will produce control pulse RC. 
Control pulse RC converts the negative quantity e(E) in register B into the cquivalent 
positive quantity c(E) by gating the complement output of register B onto the write lines. 
As a result, the same net results are obtained as with a positive quantity, namely c(E) 
-1 at output gates U. Crosspoint pulse 10G is also produced by commands IC7, DCS0, 
SU0, and a particular branch condition during DV4. 


The last action of subinstruction CCSO0 occurs at time pulse Til during which cross- 
point pulse 11E is produced and converted into control pulses RU and WA. These control 
pulses cause the content of adder gates U to be copiedinto register A. Crosspoint pulse 
11E is also produced from signals DASO, ADSO, 1C11, and particular branch conditions 
of MP3 and DAS1. Subinstruction CCS0 is followed by subinstruction STD2. 


Special attention is given to the divide instruction because the crosspoint circuit, 
which produces pulses DVXP1 through DVXP3 and PIFL, differs from the T01 through 
7T12 crosspoint cireults (flgure 4-134}. The crosspoint and control pulses for subinstruc- 
tlons DVO, DV1, DV3, DV7, DV6, and DV4 are listed in tables 4~XIII through 4~-XVii. 
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Table 4-XTIl. Subinstruction DVO 
 ] Involuntary 
DIVSTG 
(DVXP3) 
@ A Crosspoint pulse 2B is inhibited by command DV0. 
A Crosspoint pulse DIVSTG is involuntary during the DV instruc- 
tion. Crosspoint pulse DIVSTG also produces signal DVXP3 
which is converted into control pulses RU and WB. 
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Table 4-XIV. Subinstruction DV1, Part 1 


A\ crosspoint pulse 8XP10 1s inhibited by 
command DV1. 
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Table 4-XV. Subinstructions DV3, DV7, and DV6, Part 1 


A\ crosspoint pulse 8XP10 is inhibited by command DV1376. 
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Table 4~XVI, Subinstructions DV1, DV3, DV7, and DV6, Part 2 


DV1376 


A Crosspoint pulse 8X P10 is inhibited by command DV1376. 


A Crosspoint pulse DIVSTG produces signal DVXP3 which is 
converted into control pulses RU and WB. 
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Table 4-XVII. Subinstruction DV4 


WSs 
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The crosspoint and control pulses for subinstruction DV0 and part 1 of subinstruction 
DV1 (tables 4-XMI and 4-XIV) are produced in the conventional manner by the T01 through 
T12 crosspoint circuits. The crosspoint pulses listed in tables 4-XV and 4-XVI and 
some of those listed in table 4-X VII are produced by the divide crosspoint circuit. This 
circuit is controlled by instruction commands DV1376 and DV376; subInstruction com- 
mand DV4; slgnals DIVSTG and T12USE; and all time pulses except T03. Instruction 
command DV1376 is used to produce crosspoint pulse DVXP1 at time pulse T01. Cross- 
polnt pulse DVXP1 is also produced at time pulse T04, T07, and T10 by Instruction 
command DV376 and at time pulse T04 by subinstruction command DV4. Crosspoint pulse 
DV XP1is converted Into control pulses A2X, L2GD, RB, and WYD, by the control pulse 
gates. Control pulses CLXC and RB1F are discussed in detail In the branch control cir- 
cuit description. 


Signal DVXP1 is also applied to the set side of the PIFL flip-flop. Signals DVXP1 
and PIFL occur simultaneously since the reset side of the PIFL flip-flop is pulsed at 
time pulses T02, T05, T08, and Til. 


Crosspoint pulse DVXP2 is produced at time pulse T02 by instruction command 
DV1376 and at time pulses T05, T08, and T11 by instruction command DV376. This 
signal is converted into control pulses RG, TSGU, and WL. 


Control pulse DIVSTG occurs at time pulse T03 of the divide subinstructions and 
produces crosspoint pulse DVXP3. Signal DVXP3 is also produced at time pulses T06, 
T09, and T12 when slgnals DV376 and T12USE are present. Signal T12USE is a flip-flop 
signal produced by the stage counter and decoder circuit. Crosspoint pulse DVXP3 is 
converted Into control pulses RU and WB. 


The multiply instruction also requires special consideration because the multiply 
crosspoint circuit differs fromthe conventional T01 through T12 crosspoint circuits. The 
multiply crosspoint circuit produces signals ZIP, ZAP, MPXPi, MPXP2, MPXP3, 
MCRO, and ZIPCI, as shown in figure 4-134 and listed In tables 4-XVIII through 4-XXI. 
Crosspoint pulse ZIP is converted into control pulses A2X and L2GD and is produced 
at time pulses T01, T03, T05, T07, TO9, and T11 of subinstruction MP1. It is also 
produced by crosspoint pulse 2XP7 which occurs at time pulse T02 during subinstruc— 
tion MP3. 
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Table 4-XVIII. Subinstruction MPO 


= 


RSC 


TSGN2 


8X P10 WS 8XP3 


9D 


9E 


A Control pulse NEACON is produced in the adder at time period 
710 and inhibits end around carry. 


4-309 


ND-1021042 


MANUAL LEM PRIMARY GUIDANCE, NAVIGATION, AMO CONTROL SYSTEM 


Table 4-XIX. Subinstruction MP1 


ZIP 


ZAP 


10XP15 


Z1P 


Crosspoint pulses 2B and 8X P10 are inhibited 


A 
by command MP1. 
A 


See table 4-XXI for additional crosspoint 
pulses produced by ZIP. 
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WS 


A Crosspoint pulse 2B is inhibited by command 
MP3. 


A See table 4-XXI for additional crosspoint 
pulses produced by ZIP. 


A Control pulse NEACOF Is produced in the 
adder at time period T06 and permits end 
around carry. 
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Table 4-XXI. Crosspoint Pulse ZIP 
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Crosspoint pulses MPXP1 through MPXP3, MCRO, and ZIPCI are dependent on the 
state of bits 15, 2, and 1 of register L and are produced in conjunction with crosspoint 
pulse ZIP. Table 4-XXI lists the crosspoint and control pulses produced by signal ZIP 
for allpossible states of these bits. Crosspoint pulse MPXP1is produced and converted 
into control pulse WY for all states except 010 and 101. During states 010 and 101, 
crosspoint pulse MPXP2 is produced instead of MPXP1 and converted into control pulse 
WYD. Control pulse RB is produced from crosspoint pulse MPXP3 during states 001, 
010, 100, and 101 whereas control pulses RC and CI are produced from ZIPCi during 
states 011 and 110. In addition, crosspoint pulse MCRO is produced during states 011, 
110, and 111 and used directly as a control pulse. 


Crosspoint pulse ZAP is produced and converted into control pulses G2LS, RU, and 
WALS at time pulses T02, T04, T06, TO8, and T10 of subinstruction MP1. It is also 
produced at time pulses T01 and T03, during subinstruction MP3. 


During the multiply instruction, the adder is switched to perform arithmetic in the 
two's complement system. Switching is accomplished by signal NEACON which occurs 
at time pulse T10 of subinstruction MPO. Signal NEACON sets a flip-flop (part of the 
adder) which inhibits end around carry until it is resetby signal NEACOF at time pulse 
T06 of subinstruction MP3. 


Tables 4-XXI through 4-LXXIV list the crosspoint and control pulses produced for the 
remaining subinstructions. 


4-5,4.11 Control Pulse Gates, The control pulse gates (figure 4-135) convert crosspoint 
pulses into control pulses. For example, control pulse NISQ is produced by crosspoint 
pulse 2C, 2XP7, or 8XP15. A single crosspoint pulse may produce several control 
pulses. For example, crosspoint pulse 2XP5 produces control pulses RC, TMZ, and 
WA. Two control pulses, CLXC and RB1F, produced from control pulse TSGU, signal 
PHS4, andabranch signal, occur during the divide instruction. Only one is produced 
at a time. Control pulse CLXC is produced when the branch flip-flops are in the 0X state 
and control pulse RB1F is produced during the 1X state. Control pulse TSGU is pro- 
duced by crosspoint pulse 5XP28 or DVXP2. Table 4- LXXvV lists all of the control pulses 
produced by the control pulse gates and other circuits. 
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Tabie 4-XXII. Subinstruction STD2 


Involuntary 


Table 4-XXIII, Subinstruction TCO 


Involuntary 


CP 
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Table 4-XXIV. Subinstruction TCFO 


e aa] momen | 
Time | and 
pr|_xp_| 


Table 4-XXV. Subinstruction TCSAJ3 


® ; | resass | 3 
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Table 4-XXVIU. Subinstruction DASO 


A Crosspoint pulse 8X P10 is inhibited by command signal DASO. 
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Table 4~XXVII. Subinstruction DAS1 


Involuntary 


XP 


BR} 
and 
BR2 
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eres | 4-XXIX. Subinstruction LXCHO 


BR) [involuntary —_| 


SXP10 


Table 4-XXX. Subinstruction INCRO 


8XP1i0) WS 
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Table 4-XXXI. Subinstruction ADSO 


Involuntary 
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Table 4-XXXIE. Subinstructions CAG and DCA1 


Involuntary 


Table 4-XXXIII, Subinstructions CSO and DCS1 


Involuntary 


2B 
wa 
8XP10 8X P4 
10G 
10F 
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Table 4-XXXIV. Subinstruction NDXO 


Table 4-XXXV. Subinstruction RSM3 
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Table 4~XXXVI. Subinstruction NDX1 


~~ 
| |BR} 
Time | and 


Involuntary 
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Table 4-KXXVI. Subinstruction XCHO 
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MANUAL 
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Table 4-XXXVIU0. Subinstruction DKCHO 


Table 4-KXXIX. 


BRI Involuntary 
and 


Subinstruction DKCH1 


BR2 


Ws 


RLIOBB] WS 
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Table 4-XL. Subinstruction TSO 


Involuntary 


RLIOBB] WS 
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Table 4-KLI. Subinstruction ADO 


BRI Involuntary 
and 


BR2 
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Table 4-XLII. Subinstruction MASKO 


8XP10 
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ee 


Table 4-X LIN. Subinstruction BZ FO 


Involuntary 


XP 


A Branch condition X1 produces command IC16. 
A Branch condition X0 produces command ICi7. 
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Table 4-XLIV. Subinstruction MSUO 


8XP10 | WS 


RB 
WG 
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Table 4~KLV. Subinstruction QXCHO 


ak 
Involuntary ! CACHO i 
eet oe a] sas 
_XP | ¢ > |x cP | 
ia IRLICEB| WS 
2B RSC 
WG i 
RG | WB 
5XP15 | RG 
| Wa ! 
ig RB 
WG 
Wsc 
8XPi0 | ws 8XP4 [RZ 
| |sT2 
<1! — tt 


——" 


AUGO PRINC 
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A i ime 
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1 XP 
4- 
RL1OBB Ws 
5 5G RG | 
{ T™Z |{ 
TPZG 
TSGN 
5L WY 
6 OX 6XP10 | PONEX 
6 1X SE MONEX 
" TH RU 
WOVR | WG 
WSC 
8XP10 WS 


8XPA RZ 
| ST2 
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Table 4-XLVM. Subinstruction DIMO 


and 
awl or Lo [a fo [| @ | 


RSC 
WG 
GE 
6XP10 
8XP10 | WS 


4-331 


TWANYA 


BEE-F 
WILSAS TOWING) ONY ‘NOLLYOIAYN “JDKVOIN AYVHINd WIT 


ChOLZOL-ON 


Table 4-KLVHI. Subinstruction DCAO 


eee-F 


Table 4~XLIX. Subinstruction DCSO 


8XP10 


WALSAS 1OU1NOD GNY ‘NOILVSIAVN “JINVOINS AUYWid WI 


TvOLZOL-ON 


TVANYW 


ND-1021042 


MARUAL LEM PRIMARY GUIDANCE, RAVIGATION, AND CONTROL SYSTEM 


Table 4-L. Subinstruction SUO 


8XP10 | WS 


10XP10 


11E 


Table 4-Li. Subinstruction NDXX0 


Involuntary 
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Table 4-LI. Subinstruction NDXX1 


BRI Involuntary 
Time | and 
Bre pe To te fo fo [a 
il 


8XP10 | WS 
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Table 4-LUI. Subinstruction BZMFO 


BRL Involuntary 1C15 


Time au | 
ne| xp | cp_| x cp_| x 


8XP10 


A Branch condition X1 or 1X produces command IC16. 
IN Branch condition 00 produces command IC17. 
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Table 4-LIV. Subinstruction READO 


CP 
5A 
5S 
8XP10 


A Crosspoint pulse 2B is inhibited by command INOUT. 
A Crosspoint pulse 5XP11 is inhibited by command READO. 


BRI 
and 
BR2 
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Table 4-LV. Subinstruction WRITEO 


Involuntary 


BRI WRITEO 


cr 


4XP11 
4L 


Ws 


vAN Crosspoint pulse 2B is inhibited by command INOUT: 


AX Crosspotnt pulse 5XP11 {s inhibited by command WRITE. 
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Table 4-LVI. Subinstruction RANDO 


Involuntary INOUT 


BRI 


xP cP cP 
RLLOBB] WS 
e A 
4 
5 
6 
s 


8XP10 Ww 


A Crosspoint pulss 2B is inhibited by command INOUT. 
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Table 4-LVI. Subinstruction WANDO 


A\ crosspoint pulse 2B is inhibited by command INOUT. 
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Table 4-LVII. Subinstruction RORO 


AX crosspoint pulse 2B is inhibited by command INOUT. 


Table 4-LIX. Subinstruction WORO 


INOUT 


A Crosspoint pulse 2B is inhibited by command INOUT. 4-341 
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Table 4-LX. Subinstruction RKORO 


Time | and 
pra | _xr_| xp_[ cp | x | 
1 RL10BB Ws 
3 2XP3 RA | 
A ba & 
3 3XP7 RC 3D WY 
RCH 
4 4XP11 RCH 
4L WB 
5 5D RA 
re | A\ 
we 
7 TF RG 
WB 
8 8XP10 Ws 8XP4 RZ 
sr2 & 
9 9A RC 
WG 
10 10D RU 
WB 
11 11D RC 11¢ WA 
RG 
A\ Crosspoint pulse 28 is inhibited by command INOUT. 
Crosspoint pulses 5XP11 and 6XP2 are inhibited by command RXORO. e 
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Table 4-LXI. Subinstruction RUPTO 


mn Crosspoint pulse 8XP10 is inhibited by 
command RUPTO. 


Table 4-LXI. Subinstruction RUPT1 


Time | and 


oo 
3 
8XP10 
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Table 4-LXI1. Subinstruction PINC 


Involuntary 


Tabie 4-LXIV. Subinstruction MINC 


sa es 
Time } an 
a 


RSCT 
MONEX 
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Table 4-LXV. Subinstruction PCDU 


8XP10| WS 


RUS 


Table 4-LXVI. Subinstruction MCDU 


WOVR 


8B 
= 


BR1 Involuntary 
Time | and 

BR2 20 cP cP. 
1 ws 
a 2B 
5 
6 
qT TXP15 | RUS WG 

WSC 

8 8XP10 RB 
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Table 4-LXVIL. Subinstruction DING 


Invoiuntary 


6X P10 | PONEX 


A Crosspoint pulses POUT, MOUT, and ZOUT are three (3) microseconds long, 
starting at time period T06 and ending with time period T08. 
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Table 4-LXVII. Subinstruction SHINC 
INKL 
XP cP 
RSCT ws 
WOVR!| WG 
WSC 
| 8 RB 
Table 4-LXIX, Subinstruction SHANC 
BR) Involuntary SHIFT INKL 
and i= 
BR2 XP XP CP XP cP 
RSCT Ws 
iz 2B 
5 5xP9 | RG 
TSGN 
WYD 
q WOVR WG 
WSC 
8 8XP10 WSs 8B RB 
aa | 
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Table 4-LXX. Subinstruction INOTRD 


Involuntary CHINC @ 
XP cp 
2B RSC 
we & 
8XP10 WS 


A Crosspoint pulses RSCT and WOVR are inhibited by command 
MON+CH. 


Table 4-LXXI. Subinstruction INOTLD 


Involuntary INOTLD CHINC INKL 
XP cP XP cP XP cP 
1E ws A 
RCH 
8B RB 


A Crosspoint pulses RSCT and WOVR are inhibited by command MON+CH. r) 


5XP21 
7XP14 | WCH 
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Table 4-LXXH. Subinstructions FETCHO and STOREO 
® Involuntary FETCHO 
XP 


& 2B 


yAN Crosspoint pulses RSCT and WOVR are inhibited by command MON+CH. 
A Crosspoint pulse 8B is inhibited by command MON. 


STFET1 


AY Crosspoint pulse 4M is inhibited by command FETCHI. 
A Crosspoint pulses RSCT and WOVR are inhibited by command MON+CH. 


Crosspoint pulse U2BBK may be inhibited by signal MONWBK from the per- 
ipheral equipment. 
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OSE-F 


Table 4-LXXTV. Subinstruction STORE1 


STFET1 STORE1 


A Crosspoint pulses RSCT and WOVR are inhibited by command MON+CH. 
A Crosspoint pulse U2BBK may be inhibited by signal MONWBK from the peripheral equipment. 


Wanye 


ChOLZOL-ON 
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Figure 4-135. Control Pulse Gates, Logic Diagram (Sheet 2 of 6) r 
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Figure 4-135. Control Pulse Gates, Logic Diagram (Sheet 3 of 6) 
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Figure 4-135. Control Pulse Gates, Logic Diagram (Sheet 4 of 6) e 
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Figure 4~135. Control Pulse Gates, Logic Diagram (Sheet 5 of 6) 
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Circuit 


TO01 crosspoint 


T03 crosspoint 


T04 crosspoint 


TO5 crosspoint 


T06 crosspoint 


TO7 crosspoint 


T08 crosspoint 


TO9 crosspoint 


T10 crosspoint 


Divide crosspoint 


Multiply crosspoint 


Control pulse gates 


Table 4-LXXV. Control Pulse Origin 


Control 
Pulses 


R15 
RB2 
RL10BB 


RRPA 
RQ 


L16 (4A) 


B15xX 
Z16 


TLS 


TSGN2 
PTWOX 
WOVR 


RAD 
RSTRT 

RSTSTG 
Z15 (9K) 


KRPT 


EXT 
RBBK 


PIFL 


MCRO 
ZIP 
ZAP 


A2X 

Cl 
CLXC 
DVST 
L2GD 
MONEX 


Circuit 


Control pulse gates 
(cont) 


L service 
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Table 4-LXXV. Control Pulse Origin 


Control Circuit 
Pulses 


POUT 
MOUT 
ZOUT 


Channel 14 


Control 
Pulses 


REB 
WEB 


Register EB 


Register FB RFB 
WFB 


WBBK 


Adder NEACOF 


NEACON 


Register SQ control WSQ DIVSTG 


(STAGE) 


Stage Counter 


(Sheet 2 of 2) 


4-5.4.12 Branch Control. The branch control (figure 4-136) consists of the branch flip- 
flops, branch decoder, and special instruction flip-flop. The branch flip-flops and 
decoder control upto four different sets of control pulses at a given time during various 
subinstructions. The special instruction flip-flop controls two sets of control pulses at a 
given time depending on whether or not the next instruction to be executed is special in- 
struction RELINT, INHINT, or EXTEND. 


The branch 1 flip-flop is uscd to test the sign bit and the negative overflow bits of 
any word placed onto the write lines. It also tests bit 15 of register L and bit 16 of the 
adder. These tests are performed by control pulses TSGN, TOV, TL15, and TSGU, 
respectively. The test contro] pulses are similar to write control pulses in that they 
are used to clear the flip-flop register before or during the write process. As a result, 
the output of the branch flip-flops cannot be used until the final state is established. 
Normally all control puises produced from a branch condition occur one or more time 
periods after the test control pulses. For example, test contro] pulse TOV of sub- 
instruction TSO will establish a new state for the branch fiip-flops at time pulse T03. 
The control pulses resulting from the state of the branch flip-flops are produced at 
time pulses T04 and T05. 


A special case exists for the divide instruction. Control pulse TSGU does not set 
or reset the branch 1 flip-flop in the normal manner. Bit position 16 of the adder is 
used as a primary level device with the branch 1 flip-flop being the secondary level de- 
vice. Control pulse TSGU transfers bit 16 of the adder to the branch 1 fiip-flop. If bit 
16 is a logic ONE (signals SUMA16 and SUMB16 are present) and the branch 1 flip-flop 
is already set, no change of state occurs. Signal TSGU Is gated by signal PHS3. There- 
fore, the final state of the branch flip-flop is established 1/4-microsecond before 
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Figure 4-136. Branch Control, 
Logie Diagram (Sheet 2 of 3) 
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control pulse TSGU ends. During this 1/4-microsecond interval, TSGU is gated by 
signal PHS4 and, in conjunction with the output of the branch 1 flip-flop, produces 
control pulse CLXC or RBIF. These control pulses are generated by the control pulse 
gates shown in figure 4-135. 


Negative overflow exists when bits 16 and 15 of a word are logic ONE and ZERO, 
respectively. Negative overflow means that a large negative quantity has been produced 
in some manner and cannot be processed by the computer because of its limited word 
length. This condition is monitored during certain operations to prevent faulty com- 
putations. When negative overflow exists, a new branch state is establisbed, and a set 
of control pulses designed to adjust computer operations are produced. The test is ac- 
complished by control pulse TOV. This control pulse is gated by signal PHS2 to first 
clear tbe branch 1 and 2 flip-flops. At the same time control pulse TOV tests signal 
UNF. If signal UNF is present, the branch 1 flip-flop is set. Since the PHS2 signal 
occurs during the second 1/4-microsecond interval of a time period, the branch 1 flip- 
flop does not set until the third 1/4-microsecond period. 


Control pulse TL15 tests bit 15 of register L. Control pulse TL15 is first gated by 
signal PHS3 to reset the branch 1 flip-flop and then by signal PHS4 to set the flip-flop 
if signal L15 is present. 


Control pulse TSGN tests write line WL16 for sign. Control pulse TSGN is first 
gated by signal PHS3 to reset the branch 1 flip-flop and then by signal PHS4 to set the 
flip-flop if signal WL16 is present. Signal WL16 is present when the content placed 
onto the write lines is negative. 


Signal BR1 is produced when the branch 1 flip-flop is set. Signal MBR1 is applied 
to anindicator on the peripheral equipment together with the output of the branch 2 flip- 
flop. In this manual the content of the two brancb flip-flops are referred to as c(BR1, 
BR2) whereas the indicators on the peripheral equipment display c(BR2, BR1). 


The branch 2 flip-flop is used to test plus zero, positive overflow, and minus zero. 
It is also used to test the sign of one quantity while the branch 1 flip-flop tests the sign 
of anotber quantity. It is necessary to determine the sign of two quantities being multi- 
plied together in order to establish the correct sign of the product. The branch 2 flip- 
flop is always cleared before a net input occurs. Control pulse TPZG tests for plus 
zero in register G. Control pulse TPZG is first gated by signal PHS3 to clear the 
branch 2 flip-flop and then by signal PHS4 to set tbe flip-flop if signal GEQZRO is 
present. 


Positive overflow exists when bits 16 and 15 of a word are 0 and 1, respectively. 
Positive overflow means tbat computer word length has been exceeded by a large po- 
sitive quantity. Signal OVF is presgnt when this condition exists. Control pulse TOV, 
which also tests negative overflow, is gated by signal PHS2 to clear both branch flip- 
flops. After the flip-flops are cleared, the branch 2 flip-flop will be set-if signal TOV 
is present. 
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